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ABSTRACT 
Agnes Marsh is a semipermanent wetland in the Red River Valley of 
northeastern North Dakota. The marsh overlies and is in direct hydraulic 
connection with the unconfined Elk Valley aquifer. Recent irrigation 
development nearby raised concerns about the hydrological impact to the 
marsh by a declining water table in the aquifer. The purpose of this study was 
to determine how Agnes Marsh interacts with the underlying Elk Valley 
aquifer and how sensitive the marsh is to declining water levels in the aquifer. 
Three methods were used to assess how the marsh interacts with the 
aquifer. First, stratigraphic analysis revealed the nature of marsh and aquifer 
sediments and provides data on the spatial distribution of hydraulic 
conductivity. Second, piezometer nests were installed to characterize the 
temporal and spatial variation in the ground-water flow system. Third, an 
estimate of the wetland water budget was used to determine the wetland 
hydrologic function and sensitivity to hydrological changes in the aquifer. 
The estimate of the water budget for the marsh and an analysis of the 
ground-water flow system revealed the sensitivity of this hydrological 
relationship. Precipitation and open water storage initially supported 
evapotranspiration. As the open water receded, precipitation and aquifer 
storage supported evapotranspiration. The marsh functioned as a closed 
system, neither contributing water to nor deriving water from the ground-water 
flow system. Snowmelt and precipitation create ground-water mounds which 
are consumed by evapotranspiration before dissipating laterally. A decline of 
ix 
r 
the water table as a result of irrigation may affect pond permanence, but the 
marsh plant community may still be supported by periodic water table 
mounds. 
X 
CHAPTER! 
INTRODUCTION and PURPOSE 
Previous studies of wetland hydrology have generally focused on the 
flow system, water table configuration around the wetland, and topographic 
position of the wetland. These data generally yield knowledge of the wetland 
function; that is, whether the wetland recharges or discharges the ground-water 
system, or a combination of both. Other studies have used detailed water 
budgets or numerical simulations of the flow system to determine the wetland 
function. Wetland function, flow system, and water budget relate to wetland 
water quality a_nd persistence, vegetation, and soil types. Most previous work 
focused on wetlands on hummocky glacial till to minimize the ground-water 
interaction component for the study. 
This study differs from previous studies because the focus is a northern 
prairie wetland in direct hydraulic connection to a surficial aquifer. It also 
differs from previous studies by the use of a water budget to determine the 
recharge-discharge function where ground water may be a significant 
component. The purpose of this study is to determine how Agnes Marsh 
interacts with the underlying Elk Valley aquifer and how sensitive the marsh 
may be to changing conditions related to the water budget of the aquifer. Data 
were collected to determine the configuration of the ground-water flow system 
iri the vicinity of the marsh, the water budget for the marsh, and the ground-
water function of the marsh during the 1991 season. These data will be used 
1 
2 
to assess the impact of nearby irrigation withdrawals from the aquifer on the 
wetland. 
Location 
Agnes Marsh is a fresh water wetland in northwestern Grand Forks 
County, approximately 2 miles west of Orr (fig. 1). It occupies the eastern haH 
of the SW 1/4 and western half of the SE 1/4 of Section 4, Township 153 North, 
Range 55 West, and the eastern half of NW 1/4 and western half of the NE 1/4 
of Section 9, Township 153 North, Range 55 West (fig. 1 ). The marsh covers an 
area of about 0.5 square miles of which approximately 75% is U.S. Fish and 
Wildlife Service preserve. 
Geologic Setting 
The marsh overlies a portion of the Elk Valley aquifer (fig. 1) and is 
hydraulically connected with the aquifer. The unconfined Elk Valley aquifer is 
within Pleistocene deposits of the Elk Valley Delta (Kelly and Paulson, 1970). 
Upham (1896) first mapped the delta which is an accumulation of sediments 
along the west edge of an early stage of glacial Lake Agassiz. During the 
Edinburg phase of glaciation, which was the last readvance of glacial ice into 
Grand Forks County, the margin of the ice was in western Grand Forks County 
at the position of the Edinburg Moraine and the eastern edge of the Elk Valley 
aquifer (fig. 1). The Edinburg Moraine resulted from that stillstand and a pro-
glacial lake formed westward between the ice front and the Pembina 
escarpment at the eastern edge of the Drift Prairie (Hanson and Kume, 1970) 
(fig. 1). Meltwater discharging into the lake deposited the sediments of the Elk 
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Valley delta. Subsequent recession of the ice from the region allowed glacial 
Lake Agassiz to expand. 
The Elk Valley aquifer extends across Grand Forks County from the 
Forest River near Inkster, southeastward through Northwood and into Traill 
County (fig. 1 ). The aquifer ranges from 3 miles wide north of the North Branch 
of the Turtle River to 12 miles wide at its southern extent. The surface area is 
about 200 square miles in Grand Forks County (Kelly and Paulson, 1970). 
Aquifer thickness ranges up to 61 feet and averages 34 feet. The sediments 
are coarsest in the north, being composed of cross-stratified sandy gravel and 
gravel overlain by windblown silt and sand (Hanson and Kume, 1970). A pump 
test by the State Water Commission yielded values for transmissivity and the 
storage coefficient at 64,000 gpcl/ft and 0.19, respectively (Kelly and Paulson, 
1970). Test holes in the northern part reveal coarse, subangular quartzose 
sand, detrital shale, and fine to medium rounded gravel (Kelly and Paulson, 
1970). These grade southeastward into brownish gray sand and 
southwestward into lacustrine fine sands and silts (Hanson and Kume, 1970). In 
the vicinity of Larimore, the aquifer is reported to be composed of fine to 
medium sand with increased silt and clay content. At the southernmost extent 
in Grand Forks County, the sediments are predominantly very fine sand (Kelly 
and Paulson, 1970). 
The Grand Forks County Soil Survey maps provide more detail on the 
surficial geology and ground-water flow system (Doolittle and others, 1981). 
Soil series types indicate parent material and drainage conditions. Soil 
salinity, presence of illuviated clay, the oxidation state of iron, and depth and 
development of the soil profile reveal the direction of the vertical hydraulic 
gradients and depth to the water table and capillary fringe. 
5 
Areas occupied by open water are underlain predominantly by the 
Rauville Series silt loam (Doolittle and others, 1981) (fig. 2) which developed 
on alluvium (fig.3) (Hanson and Kume, 1970). The Rauville Series is a poorly 
drained, slowly permeable soil found in seep areas on alluvium. Other soils in 
the vicinity of the marsh are characteristic of beach and delta plains, and 
exhibit variable drainage conditions. 
6 
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CHAPTER II 
PREVIOUS WORK 
Most studies of the hydrology of prairie pothole wetlands have been 
concerned either with local flow systems between adjacent sloughs or the 
interaction of wetland areas with a regional flow system. Some have related 
vegetation or soils to the wetland hydrologic function and ground-water flow 
system. Most have been in hummocky terrain of glacial end moraines or ice 
stagnation deposits, the sediments which comprise the deposits being low 
permeability glacial till. 
u.s. Geological survey Prairie Pothole Studies 
Little was known of prairie pothole hydrology until the United States 
Geological Survey began a general study in 1959. Without any knowledge of 
how wetlands functioned hydrologically, drainage of wetlands for 
implementation of the Garrison Diversion project of North Dakota was imminent 
and creation of wetlands was planned to mitigate the losses . Wetlands of the 
Coteau du Missouri in Ward, Stutsman, and Dickey Counties in North Dakota 
were chosen for the study. All but one of the wetlands chosen contained 
predominantly emergent vegetation, and one was clear of vegetation. 
Three parts comprised the study: water budget and evapotranspiration 
(Shjeflo, 1968), general hydrology (Sloan, 1972), and the relationship of 
8 
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vegetation to chemical and hydrologic factors (Stewart and Kantrud, 1972). 
Shjeflo (1968) collected data to solve the budget equation 
where 
aH = decrease in storage 
ET = evapotranspiration 
S = net seepage outflow(+ or - value) 
P = precipitation 
A= runoff 
By choosing a period of record with no precipitation or runoff, the equation was 
simplified to 
AH=ET+S 
Potholes underlain by relatively impervious sediments were chosen to minimize 
effects of seepage. A graphical method developed by Shjeflo (1968) was used 
to determine ET and S. He concluded that evapotranspiration was the major 
route for water loss from the study sites, that direct precipitation and snow melt 
are the sources of water, and that evaporation from a clear pond was 12% 
higher than a vegetated pond. 
Three water table/ flow system configurations that result in a wetland 
functioning as a recharge, discharge, or throughflow wetland were observed 
by Sloan (1972). Individual wetland functions were related to the larger scale 
flow system among a group of adjacent wetlands. Salinity was related to the 
~--==--· - ---
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configuration of the flow system. He also observed the depression of the water 
table by vegetation surrounding the wetland. 
The relationship of the plant community in a wetland to the permanence 
and salinity of ponded water was established by Stewart and Kantrud (1972). 
Plant assemblages that are characteristic of the soil and water salinity and 
duration of inundation form concentric rings about the wetland. Those 
assemblages are: lowland prairie, wet meadow, shallow-marsh emergent, 
· deep-marsh emergent, fen, and submerged and floating emergent. Wetlands 
were classified by the plant assemblage rings present and pond permanence, 
class 1 (ephemeral} to class 5 (permanent), and class 6 (alkali ponds) and 
class 7 (fens). 
Seasonal variations of the flow system and water chemistry have been 
studied in wetlimds of the Cottonwood Lake area of North Dakota by Labaugh 
and others (1987). Depending on elevation, wetlands function as recharge, 
throughflow, or discharge sites. Dissolved solids increase down-gradient 
along the flow path from the recharge areas. Geochemical modeling was used 
to determine the degree of saturation of the ground water with respect to the 
known minerals in the glacial sediments along the flow path. Dominant plant 
types were related to water quality as well as the depth of open water. 
Southern Canada Wetland Studies 
Shortly after the U.S. Geological Survey initiated studies of prairie 
potholes, studies began of potholes and their relationship to regional recharge 
and discharge in Canada. The significance of willow rings to regional and 
local flow systems was revealed in a study of potholes and prairie flow systems 
in Saskatchewan (Meyboom, 1966a). There, he related plant species to flow 
systems based on the plant's tolerance to salt. Willows, phreatophytes 
1 1 
exhibiting low salt tolerance, become established in areas characterized by 
discharge of low dissolved solid water. Other species revealed progressively 
more saline water by their salt tolerance. Meyboom (1966b) also developed a 
water budget to determine the function of a wetland. He documented the 
redirection of regional flow and the interception of water by the willow ring, 
although his water budget revealed a net contribution to the regional flow 
system by the wetland. 
The continuous observation of the flow system around a pothole 
surrounded by willows showed that seasonal reversals in the flow were 
associated with spring recharge (Meyboom and others, 1966). This local flow 
system is superimposed on the regional flow system. Later, Meyboom (1967) 
applied mass transfer measurements to permanent lakes in hummocky moraine 
in Saskatchewan to determine the seasonal variation of recharge or discharge. 
Lissey (1971 ), building on the work of Meyboom, suggested that 
recharge and discharge over an area is focused in the de-pressions and not 
distributed over the entire region. Depression-focused recharge and discharge 
creates local and intermediate flow systems superimposed on the regional flow 
system. The position and function of a depression in the flow system was found 
to be related to its topographic position and permeability of underlying geologic 
materials. 
Mills and Zwarich (1986) observed the water table fluctuations and 
vertical gradients over a four-year period to determine the factors affecting 
ground-water flow around a wetland. Nested piezometers were placed along a 
transect from a slough to the crest of an adjacent hummock. They concluded 
that radial flow away from the pond was not significant. The spring and early 
summer ground-water mound was dissipated by evapotranspiration. 
Numerical simulation of the flow system revealed that rises of the water table 
12 
under the slope and crest of the adjacent hummock resulted from downward 
percolation of ground water from saturated soils during the spring thaw, as 
opposed to radial flow from the pond. Soil development and salinity also were 
related to wetland hydrologic function. 
Soil studies Related to Wetlands 
Soils have been related to the ground-water flow system in a hummocky 
morainal landscape in Saskatchewan (Miller and others, 1985). Non-saline 
and non-carbonated soils were determined to be characteristic of depression-
focused recharge. Discharge areas were carbonated but may or may not have 
been saline depending on the depth to the water table and the length of the flow 
path. Other processes, such as evapotranspiration by phreatophytes, may 
have created hydraulic gradients that were responsible for the chemical 
variation of soils. 
Soils have recently been related to ground-water flow systems adjacent 
to wetlands and the distribution of salinity. Concentric bands of saline soil 
around a wetland were attributed to upward hydraulic gradients (Mills and 
Zwarich, 1986). Such gradients resulted from shallow depth of the water table, 
although downward gradients existed within and outside the ring. 
Arndt and Richardson (1988) described the soils associated with 
recharge, discharge, and throughflow wetlands in Nelson County, North 
Dakota. Calcite and gypsum content were concluded to be a function of 
equilibrium processes along the ground-water flow path. Initially, calcite 
precipitation inhibited gypsum precipitation. Eventually sulfate concentrations 
increased along the flow path sufficiently to precipitate gypsum. Particle size 
distribution, organic matter production, and illuviation of clays were also 
related to wetland function and position in the flow system. 
13 
Processes controlling gypsum accumulation along the margin of wetlands 
also were investigated by Steinwand and Richardson (1989). Salinity 
accumulation resulted from ground-water discharge at the margins. 
Irregularities in the wetland margin resulted in preferential concentration of 
salinity in peninsulas and depletion in bays. Overland flow was concentrated 
in bays resulting in increased infiltration and saturated flow away from bays. 
That same saturated flow intersects at peninsulas where the formation of winter 
ground frost creates upward flow, thereby concentrating salts in the soil. 
Depletion of calcite and gypsum, and concentration of magnesium, 
sodium, and sulfate along the ground-water flow path were observed by Arndt 
and Richardson (1989) as processes affecting wetland soil chemistry. 
Other Studies of Wetlands 
Precipitation has been related to changes in the recharge-discharge 
function of three closed basins in Illinois {Williams, 1968). Size and shape of 
the basins strongly affected the depth of ponded water and hydraulic head 
generated by precipitation. 
Seigal (1988) used piezometer data and computer models to determine 
the recharge-discharge function and flow systems of wetlands related to 
forests, fens, and bogs in Alaska. He concluded that wetland function is a 
product of the hydrologic setting rather than the type of wetland. 
A one-dimensional mass balance equation that accounts for the transition 
from open water to pore water in a wetland was proposed by Nuttle (1989). The 
flow system of a wetland, if containing open water, is dominated by overland 
flow, otherwise it is dominated by laminar flow in the pores. As the elevation of 
the open water declines, there is a gradual transition from overland flow to 
laminar flow. 
CHAPTER Ill 
METHODS 
Data were collected to estimate the water budget and characterize the 
hydrology of Agnes Marsh from June 1990 to March 1992. Test holes were 
augered and piezometer nests constructed along one north-south transect and 
three east-west transects (fig.4) to observe the horizontal and vertical flow 
system in and around the marsh. The borings also revealed the character of the 
sediment lining the bottom of the marsh, the geometry of the aquifer in the 
vicinity of the marsh, the characteristics of the aquifer material, and the 
variability of hydraulic conductivity. Precipitation gages were placed to 
record the variability of precipitation across the marsh, to correct evaporation 
pan data, to correlate precipitation to water level changes, and to provide data 
for the budget. Evaporation pans were placed within the two dominant 
vegetation types to estimate evapotranspiration. Continuous water level 
recorders were used to estimate evapotranspiration. Staff gages were installed 
in the north and south portions of the marsh to measure changes in ponded 
water storage (fig.4). 
Three-inch diameter holes were augered to depths ranging from 5.4 to 
13.5 feet at eighteen locations. Cuttings were examined with a hand lens and 
texture, grain size, color, calcite content, gypsum crystals, and degree of 
saturation were noted. Texture was based on the U.S. Department of 
14 
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Agriculture, Soil Conservation Service textural classification (U.S.D.A., 1950). 
Grain size was based on the Wentworth Scale modified by Lane and others 
(1947). The Geological Society of America Rock Color Chart was used to 
identify sediment colors (Goddard and others, 1979). 
Borings at all but one location were completed as piezometers; nine 
locations were instrumented with nested piezometers. Augered holes were 
instrumented with 1 inch ID PVC schedule 20 pipe, the lower one foot slotted 
with a hacksaw and capped. The annulus was filled with coarse sand to a 
level above the slotted interval, bentonite pellets placed above the sand, and 
the boring backfilled to surface with cuttings. 
Deeper wells extending beyond the water table were driven and 
constructed of either 0. 75 or 1.25 inch inside diameter steel pipe. The 0. 75 
inch wells were_ terminated with a 1.0 foot long section of pipe finished with a 
point and open by means of holes drilled in the section. Sand was excluded 
from the well by lining the drilled section with a 1.0 foot section of 0.5 inch 
diameter plastic pipe, also drilled, and wrapped with aluminum screen. The 
1 .25 inch wells were terminated with 3 foot Johnson Red Head #12, stainless 
steel, wire wrap drive points. 
Stevens type F continuous water level recorders installed at two sites 
(fig.4) recorded daily fluctuations of the water table resulting from transpiration 
by the phreatophytes. Recorder site #1 was located among the willows and 
recorder #2 was located among the cattails and bullrushes. Water table wells 
were constructed of 2.0 inch ID PVC pipe. Casings were open to the aquifer by 
slotting the lower 3.0 feet with a hacksaw. Each recorder was equipped with 
2: 1 gears and a quartz clock set for an eight day record. 
Precipitation at three locations (fig.4) was recorded using gages with an 
increment of 0.05 inches and capable of registering up to 5.0 inches. These 
17 
were attached to a stake and driven into the ground so that the bottom of the 
gage rested on the ground. 
Evaporation rate was measured with two #4 wash tubs (Bauder and 
others, 1983) elevated on pedestals to prevent entry of wildlife. The tubs were 
filled with water and the depth to the water surface from the tub edge measured. 
Evaporation for the period between measurements was the difference between 
successive measurements minus precipitation for the period of record (Bauder 
and others, 1983). 
Staff gages consisted of five foot steel tee posts installed into the open 
water. Pond stage was determined by measuring from the top of the post to the 
water surface. 
Elevations of the piezometers and staff gages were established by 
differential leveling to the nearest 0.01 foot. The piezometer and staff gage 
network was tied to the North Dakota State Water Commission piezometers, the 
elevations of which were determined by third-order differential leveling from a 
USGS benchmark. 
Largely undisturbed cores of soil and aquifer material were used to 
measure hydraulic conductivity and grain size distribution. The coring 
equipment consisted of a 2-inch diameter hand auger containing a sampling 
sleeve. A falling head permeameter was designed and built to accommodate 
the sample sleeves. Grain size analysis was performed on 45 gram samples 
obtained from the sleeves once the permeability tests were complete. 
CHAPTER IV 
RESULTS 
The North Dakota State Water Commission drilled four test holes through 
the aquifer into glacial till in the vicinity of Agnes Marsh (fig. 4, appendix I). 
This information, when combined with boring logs recorded during well 
installation (appendix I), shows that the aquifer thins eastward under the marsh, 
ranging from 55 feet at SWC 12736 (153-55-08aaa, appendix II), to 44 feet thick 
at SWC 2418 (153-55-04 ccd), to 18 feet at SWC 12735 (153-55-09baba), to 
about 2 feet thick at test hole 2 (fig. 5, trace of cross-section on fig. 4). Till 
directly underlies the aquifer. Two to 4 feet of surficial silt, silty clay, or till 
overlies the aquifer. The aquifer grades from predominantly medium to coarse 
sand and gravel at depth to very fine to very coarse sand near the top. The 
upper 7 feet of aquifer is composed of medium to very coarse, predominantly 
subangular to subrounded, detrital shale and/or quartzose sand which grades 
upward to silty clay or till. The grain size analyses revealed that the aquifer 
material is predominantly a poorly sorted very fine sand and silt with a 
significant clay component (appendix Ill) 
Test holes 9, 13, and 17 are on the western flank of the Edinburg Moraine 
(fig. 4). About 12 feet of unsaturated sand and silty clay overlie the till in test 
hole 9 (fig. 5, appendix I). Test hole 13 penetrates about 5 feet of unsaturated 
outwash overlying till. Test hole 17 penetrates about 15 feet of lacustrine or 
alluvial very fine sand and silt without encountering till. Parallel to 
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the north-south axis, no test holes penetrate the full thickness of the aquifer, 
therefore the configuration of the bottom of the aquifer is uncertain. 
The sediments underlying Agnes Marsh are highly calcareous and 
occasionally contain gypsum along the marsh perimeter (appendix I, test holes 
2, 10, and 11 ). Sediments at a higher elevation (appendix I, test hole 9) were 
leached free of calcite. 
Precipitation Gages and Evaporation Pans 
Single precipitation events ranging up to 3.65 inches were recorded 
during June 8 to September 29 (fig.6, appendix IV). Data from the National 
Oceanic and Atmospheric Administration for Larimore, Park River, and Grand 
Forks Airport for the years 1980 -1991 provided historic information on 
precipitation and antecedent moisture conditions. The data were plotted as bar 
graphs to illustrate the relationship of 1991 precipitation to the previous 
decade. 
The precipitation gages at Agnes Marsh recorded one important rainfall 
from June 29 - July 1, which totalled 3.65 inches. The total for September was 
anomalously high at about 3.55 inches. The gage data provided the 
precipitation component for the water budget. 
Antecedent moisture conditions were below normal prior to the 1991 
season and above normal for the 1991 season (fig. 7). Normal precipitation, 
the mean of the precipitation for the period 1951 to 1980, was 19.3, 19.7, and 
18.2 inches, for Grand Forks, Larimore, and Park River, respectively. April, 
September, and October 1991 rainfall were responsible for the above-normal 
total (fig. 8). 
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Evaporation pans were placed at the north end of the marsh from July 1 to 
September 29 , and in the central part of the marsh from July 27 to September 
29 (appendix V). Evaporation for the period between measurements was the 
difference between successive measurements minus precipitation for the 
period of record (Bauder and others, 1983). 
Staff Gages, Water Levels and Flow System 
Ponding of surface water occurred between April 21 and May 11, 1991 
(appendix VI). The open water receded throughout the spring until none 
remained by late June. Ponding occurred again on June 29-30. It then 
receded completely by July 27. 
The water table and flow system varied both spatially and temporally in 
response to precipitation and evapotranspiration (appendix VII). Horizontal 
ground-water flow was generally towards the south, but was occasionally 
reversed toward the north or radially away from the marsh when precipitation 
created a water table mound in the central portion of the marsh. 
The water table map of March 16, 1991 shows the configuration before 
the 1991 spring melt and recharge (fig.9). The marsh stands out as a 
depression in the water table with ground-water flow toward the marsh. Water 
levels were probably at an extreme low at the beginning of the 1991 season 
because precipitation for the years 1988-1990 was well below normal (fig. 7). 
Snow melt and thawing of the ground is reflected in the water table 
configuration for June 3, 1991 (fig. 10). Water levels rose about four feet and a 
mound existed in the north half of the marsh. Vertical flow was downward and 
horizontal flow was radially away from the marsh. 
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By June 28 the water table mound had dissipated (fig.11 ). The water 
table was flatter in the north half of the marsh and gradients were about twice as 
steep to the south as the mound spread laterally and water levels declined 
about 0.9 feet in the south. Ground-water flow was upward at the north and 
south ends of the marsh as evapotranspiration became dominant. 
Water levels increased about 1.5 feet and the mound was reestablished 
after the precipitation on June 29 and 30 (fig.12). Flow was radially away from 
the marsh, reversed to the north, and diminished to the south as the water table 
recovered due to infiltration of the precipitation. Water levels continued to 
increase in the east-central part of the marsh through July 9, but upward flow 
was reestablished at most nests. The mound dissipated throughout the 
remainder of the season eventually reestablishing a general southward flow by 
October 20, 19~1 (figs. 13 & 14). September and October precipitation (fig. 8) 
reestablished downward flow at some of the nests. 
Vertical hydraulic gradients were generally 10-100 times greater than the 
horizontal (figs. 9-14). Because the aquifer is composed of much detrital shale, 
it is expected to be anisotropic, with horizontal hydraulic conductivities ranging 
from 2 to 100 times greater than vertical (Kruseman and de Ridder, 1991). 
Determinations of the vertical hydraulic conductivity by a falling head 
permeameter (appendix VIII) yielded values 100 -10,000 times smaller than the 
value determined by the North Dakota State Water Commission pump test (Kelly 
and Paulson, 1970). Therefore, horizontal and vertical ground-water fluxes 
were generally nearly equal. For example, at nest 6 on June 28 the vertical 
hydraulic gradient was about 4.0 x 1 O ·2 and the horizontal hydraulic gradient 
was about 6.5 x 1 o-4 (fig. 11 ). The vertical and horizontal hydraulic 
conductivities were estimated to be 1.87 and 149 feet/ day, respectively. 
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0.25 
1000 
29 
Contour Interval = 0.5 feet 
1.sx10-3 
• Piezometer nest with vertical hydraulic gradient 
.. 
..... \ 
+ is downward flow 
- is upward flow 
Ground-water flow line with horizonal hydraulic 
gradient 
,, 
," 
.. Perimeter of Agnes Marsh 
0 ..- Water table contour with elevation \::,'L· 
0 
0 
N 
Miles 
Feet 
Figure 12 - Water Table Configuration On July I, 1991. 
0.25 
1000 
30 
• 
' 
' \ 
' \ 
' .. 
' , .. , 
.. ___ _ 
Contour lnterva I = 0.5 feet 
1.BxJ0-3 
• Piezometer nest with vertical hydraulic gradient 
+ is downward flow 
- · is upward flow 
Ground· water flow line with horizonal hydraulic 
gradient 
N 
Perimeter of Agnes Marsh 0 0.25 
,...., 
0 .... Water table contour with elevation \'?i'Z.· 
0 Miles 1000 
Feet 
Figure 13 - Water table configuration on August 12, 1991. 
31 
Contour lnterva I = 0.5 feet 
r.exio-3 
• Piezometer nest with vertical hydraulic gradient 
+ is downward flow 
- is upward flow 
Ground-water flow line with horizonal hydraulic 
gradient 
N 
Perimeter of Agnes Marsh 0 0.25 
0 ... Water table contour with elevation \?J'l.· 
.,.-\ 
Miles 
0 1000 
Feet 
Figure 14 - Water table configuration on October 20, 1991. 
32 
Vertical and horizontal fluxes were therefore estimated to be 7.5 x 10-2 and 9.7 
x 10-2 feet/ day, respectively. 
Vertical flow and discharge, however, dominated the system. Removing 
about 0.3 feet of water vertically would effectively eliminate a ground-water 
mound while concurrently only about 0.3 feet of water would have moved 
laterally. Vertical and horizontal disharge would be related to the cross-
sectional area of flow; the surface area of the Agnes Marsh is 7.5 x 106 feet2 
and the cross-sectional area of the aquifer normal to the horizontal flow is 1. 7 x 
104 feet2. Vertical and horizontal discharge on June 28 were estimated at 5.6 
x 1 o5 and 1 . 7 x 1 o3 cubic feet / day, respectively. 
Water Level Recorders 
Recorder #1 provided water level records from June 12-19, 26-29, July 
6-13, 14-21, 21-27, July 27-August 4, 4-11, and 12-21 (appendix IX). Ten 
precipitation events and the daily water table recession were recorded. 
Recorder #2 provided records from July 29 to August 5, August 8-16, and 
August 16-23 (appendix IX). Three precipitation events and daily water table 
recession were recorded. Two patterns of daily water table recession were 
revealed: no detectable evening recovery and visible evening recovery (fig. 
15). No evening recovery of the water table was observed for several days 
following a precipitation event; the evening intervals recorded as straight lines. 
Eventually, evening recovery occurred and increased in magnitude with time. 
Two specific yield values were estimated by the rise in water level at 
each recorder with each precipitation event (appendix X). Seven precipitation 
events from recorder 1 (appendix IX) produced an average specific yield of 
0.21 (appendix X). An average of two precipitation events from recorder 2 
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produced a value of 0.09 (appendix X). Recorder well two is completed in silt, 
rather than sand, which probably accounts for the significantly lower specific 
yield value. 
Budget 
A water budget was compiled for the period June 28 to August 12, 1991. 
By June 28 open water was absent from the marsh and the water table had 
declined (fig. 11 ). A rainfall of 3.65 inches (0.304 feet) occurred on June 29 
and 30 (appendix Ill) which restored the ponded water (appendix V) and 
created a ground-water mound (fig. 12). The budget tracked the consumption 
and redistribution of this water and additional precipitation that fell during the 
budget period. 
A statement of the water budget equation for Agnes Marsh and the Elk 
Valley aquifer directly underlying the marsh is as follows: 
ET = Pree. + GW;n + Sin - GW0 ut - Sout + dP + MO . 
where: 
ET = evapotranspiration 
Pree. = direct precipitation to the marsh 
GWin = ground-water inflow to the marsh-
aquifer system 
GWout = ground-water outflow from the marsh-
aquifer system 
Sin = surface-water inflow to the marsh-aquifer 
system 
Sout = surface-water outflow from the marsh-
aquifer system 
dP = change in pond storage 
+ if storage decreased 
- if storage increased 
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M Q = change in aquifer storage 
+ if storage decreased 
- if storage increased 
The horizontal ground-water flow component was insignificant and there was 
no surface water component, thus simplifying the budget to: 
ET = Pree. + AP + MO 
Evapotranspiration was estimated from the daily recession and recovery 
of the water table (White, 1932). The relationship of evapotranspiration to the 
daily change of the water table and recovery rate is given by the expression: 
ET= Sy ((R * 24) + .1.H) 
where: 
ET = actual evapotranspiration (feet) 
Sy = specific yield of the aquifer 
R = recovery rate from 12:00 to 4:00 a.m. (feet/hour) 
.1.H = change in water level in 24 hours (feet) 
Daily values of water table change and recovery obtained from the recorder 
charts and the estimated evapotranspiration are tabulated in appendix XI. No 
water level recorder data were available for July 2 through 6. · 
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Evapotranspiration during this period was estimated by a linear 
regression on the known evapotranspiration and evaporation pan data 
(appendix XII). The value for the missing evapotranspiration was then 
calculated from the evaporation pan data for the period (appendix XII). 
Changes in open water storage were estimated from staff gage 1 data 
(appendix VI) and applied to the entire marsh. The marsh is bisected by the 
road which isolates the north portion of the pond from the south. Staff gage 1 
(fig. 4) is in the deepest and most central portion of the north half. Land surface 
elevations at the piezometers and coordinates of points on the 1145-, 1140-, 
and 1135-foot contours were used to generate an elevation grid of the 
topography of the marsh using SURFER contouring software (Golden Software, 
1990) (fig.16). Coordinates of the data points were in feet, with the origin at the 
northeast corner of section 4, Township 153 North, Range 55 West. The grid 
was composed of 50 x 50 foot cells and kriging was used to estimate the grid 
values. SURFER utilities have a cut and fill option which allows the volume 
between two surfaces to be calculated. In this case, the upper surface was the 
topography and the lower surface was the pond stage (appendix VI). SURFER 
calculates two volumes, positive volume where the designated upper surface 
is above the designated lower surface, and negative volume, where the 
designated lower surface is above the designated upper. The storage change 
calculations utilized the negative volume, where the pond stage was above the 
land surface. Volume of the ponded water in the north half of the marsh was 
estimated for June 30 and for each date water levels were measured until July 
27. The difference in volume between successive intervals was the change in 
pond storage. The storage change was divided by the area of the north portion 
of the marsh to obtain linear change. 
37 
• • 
Contour lnterva I = 1.0 feet 
11'?>90- Surface topography contour line / 
• Location of THt Hole or Plezometer 
" 
" 
,' Perimeter of Agnes Marsh 
0 0.25 
0 Miles 1000 
Feet 
Figure 16 - Surface topography from grid generated by SURFER. 
38 
Changes in aquifer storage were determined in a similar manner. The 
water table for each inteival was gridded and the volume between each 
successive water table surface was determined with SURFER. Each volume 
was multiplied by the specific yield to obtain the volume of water removed from 
storage. The volume was divided by the area to obtain the linear change in 
storage. 
Evapotranspiration, precipitation, and changes in aquifer and pond 
storage were compiled for each measurement period from July 1 to August 12 
(fig. 17 and appendix XIII). The amount of water lost to evapotranspiration 
corresponds closely to precipitation plus changes in storage, which suggests 
that evapotranspiration was supported by these two sources. This relationship 
is evident for each period (fig. 18) and for the cumulative budget period (fig. 
19). Significant withdrawals from the aquifer storage did not occur until July 27 
when ponded water had receded. Aquifer storage then replaced ponded water 
in supporting evapotranspiration from July 27 to August 12. 
ID 
07-09 07-14 07-21 07-27 08-04 
Bl er • PAECIP. El AOJIFEA 
Figure 17 .- Estimated values for water budget components. 
fr 
08-12 
OPOJO 
~ 
. -,..,, 
(.> 
(0 
tu 
~ m 
07-09 I 07-14 I 07-21 I 07 • 27 I 08-04 I 08• 12 
0.2-.-~~-r--~"""T~~ ....... ~ ....... ~~ ....... ~~ 
o. 18 I I I 
0.16 -t-~~+-~-f 
IDPRECIP. 
.AQUIFER 
(ZJ FOO 
0.14 J I I I I 
o. 12 J I I I I 
o.1~n1 1 
0.08 
0.06 
0.04 
0.02 
0 
07-09' 07-14 1 07-21 1 07-27 1 08-04 1 08-12 
Figure 18.- Comparison of evapotranspiration with other budget components. 
p 
~. 
a ·•·~ 
~ 
0 
0.7000 0.7000 
0.6000 0.6000 
0.5000 0.5000 
0.4000 0.4000 tii tii ~ ~ 
0.3000 0.3000 
0.2000 0.2000 
I '1 I 0.1000 0.1000 0.0000 0.0000 1 
~ I I 11 Precip. a Aquifer El Pond 
Figure 19.- Cumulative evapotranspiration compared to other cumulative budget components. 
I I 
I I 
~I 
··~ 
.f>. 
.... 
CHAPTERV 
DISCUSSION 
The results suggest that Agnes Marsh has a recharge, discharge, or 
throughflow function that varies in time and space. It is necessary to observe 
all the hydrologic processes operating at the wetland to understand its function 
relative to the ground-water flow system. 
The water table configuration and dominant directions of horizontal and 
vertical flow (figs. 10 through 14) suggest a discharge or throughflow wetland. 
Vertical flow was generally upward, suggesting discharge function, except for 
times following spring thaw and significant precipitation events. The general 
southward flow suggests the marsh functions as a throughflow wetland, the 
water table configuration being similar to the configuration around throughflow 
wetlands observed by Sloan (1972). The aquifer thins in the vicinity of the 
marsh (fig. 5), and discharge there would be expected as a result of the 
reduced cross-sectional area of flow. However, the temporary downward 
hydraulic gradients induced by water table mounds created under the marsh 
by runoff and precipitation suggest that the marsh has a recharge function, 
similar to conditions observed by Sloan ( 1972) and Laba ugh and others 
(1987). 
Recharge implies the contribution of water to the flow system and 
discharge implies the removal of water from the flow system, rather than 
temporary storage in the aquifer and removal by evapotranspiration. The 
budget revealed that nearly balanced inputs and outputs in Agnes Marsh result 
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in no net contribution to or removal from the regional flow system; the wetland 
functions as a nearly closed or isolated system. Assigning a recharge or 
discharge function to Agnes Marsh may be inappropriate for this reason. 
Suggested Processes 
The water contributed by runoff into the marsh and precipitation to aquifer 
storage created a ground-water mound centered on the marsh. Contrary to 
expectations, the recorder charts (appendix VIII) generally did not reveal 
nightly recovery of water levels after the daily recession caused by 
evapotranspiration. Apparently, evapotranspiration was flattening the top of 
the mound. Evapotranspiration did not create a depression in the water table 
and therefore did not induce any appreciable ground-water flow towards the 
marsh. Evapotranspiration dominated the system, removing water from aquifer 
storage before it moved laterally. Not until the mound had been diminished did 
lateral flow and evening recovery of water levels become apparent (fig. 15). 
The water table depression present at the beginning of the 1991 season 
suggests that lateral inflow to the marsh was insignificant, otherwise inflow 
would have resulted in the recovery of the water table over the winter. Also, 
declining water levels between precipitation events and lack of significant 
evening recovery of diurnal water level declines suggest that Agnes Marsh 
probably discharges no more water than it ultimately receives in precipitation. 
A ground-water mound merely facilitates the storage of precipitation until 
consumed by evapotranspiration. Lateral discharge is insignificant compared 
to vertical discharge due to evapotranspiration. 
Precipitation during 1991 was greater than normal (fig. 7). The years 
1988-1990 may have been characterized by net discharge. 
Evapotranspiration probably nearly equals precipitation during the normal 
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years, as wetland vegetation would have come to some equilibrium with the 
long-term average. This is suggested by Stewart and Kantrud (1972) and 
Sloan (1972) when they concluded that plant community changes are slow. 
The communities remain stable during short-term changes and are the product 
of average long-term salinity conditions and pond permanence. 
Comparison to Other Wetland Studies 
Observations at Agnes Marsh both support and contradict findings of 
other investigators relating processes, wetland classification, and soil 
development to the wetland recharge-discharge function. An alternate 
hydrologic function is suggested that is related to the high permeability of the 
Elk Valley aquifer. 
Shjeflo (1968) concluded that direct precipitation and spring snowmelt 
before ground thaw were the two major inputs of water to a prairie wetland. 
Runoff through the remainder of the season was minimal unless there was 
precipitation of sufficient magnitude. At Agnes Marsh 0.3 feet of precipitation 
on June 28-July 1 resulted in approximately 0.28 feet of water input to ponded 
and aquifer storage. This supports Shjeflo's observation; precipitation of this 
magnitude in a prairie setting did not produce significant runoff. 
Shjeflo concluded that the major losses were to evapotranspiration and 
seepage. The context of the term "seepage• implies losses through the bottom 
of the wetland to the ground-water flow system. Sloan ( 1972) reported an 
increase in seepage with increased evapotranspiration in wetlands in outwash. 
The correlation between evapotranspiration and seepage suggests that the 
observed losses were not to the ground-water flow system, but to support 
evapotranspiratton, as observed at Agnes Marsh. The water budget for Agnes 
Marsh demonstrates that all changes in storage, either from the open water or 
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aquifer, went to support evapotranspiration and did not enter the flow system. 
Since the term •seepage" suggests losses to the ground-water flow system, it 
may be inappropriately applied by Sloan (1972). 
Using the classification system of Stewart and Kantrud (1972), Agnes 
Marsh is classified a class IV, semipermanent wetland, (personal 
communication with SCS). The class IV designation implies a plant community 
typical of deep marsh, that is, emergent vegetation such as cattails and 
bullrushes are dominant, and open water is present throughout the year for 
most years. Labaugh and others (1987} observed a correspondence between 
the wetland function and the wetland classification. Recharge wetlands were 
generally dry by August and possessed plant communities that were not 
dependent on open water. Class IV wetlands were observed to be discharge 
wetlands, the ponded water being maintained by ground-water discharge. 
Agnes Marsh does possess the deep marsh plant community, but even in an 
anomalously wet year such as 1991 the open water had receded by late June 
and again by fate July. 
Willows rings are most commonly found surrounding depressions at 
higher elevations in hummocky moraine characterized by regional recharge. 
Willows are intolerant of salinity (Meyboom and others, 1966}. Although the 
flow system surrounding willow rings is complex, the depressions functioned as 
either recharge or discharge points (Meyboom, 1966b). The willows appeared 
to be responsible for some of the upward flow and discharge of ground water. 
Meyboom (1966b) also observed willows associated with saline soils in 
regional discharge areas. They appeared to be supported by small local 
recharge areas where the salinity was reduced. The presence of willows at 
Agnes Marsh suggests minimal accumulation of salt, similar to that expected in 
a recharge area. 
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Consistent with observations at Agnes Marsh, Mills and Zwarich (1986) 
concluded that evapotranspiration, not lateral flow, was responsible for 
dissipating the spring ground-water mound . 
As far as soils are concerned, non-carbonate, non-saline soils are 
characteristic of recharge wetlands, and carbonated and saline soils are 
characteristic of discharge (Miller and others, 1985). Recharge wetlands were 
also reported free of calcite and gypsum by Arndt and Richardson (1989). The 
occurrence of calcite and gypsum in sediments near Agnes Marsh suggests a 
discharge function. Upward hydraulic gradients are found in Agnes Marsh, 
though possibly more as a result of evapotranspiration. Possibly, salts are not 
leached from the sediments because recharge goes into aquifer storage only to 
be removed by evapotranspiration, not to contribute to ground-water flow. 
Arndt and_ Richardson (1988) and Knuteson and others ( 1989) correlated 
soil classification to wetland function. Recharge wetlands can contain either 
typic argiaquolls, if sediment influx is significant, or cumulic haplaquolls if 
organic accumulation predominates. Cumulic haplaquolls can also be found in 
throughflow wetlands, but tend to be more calcic, a result of the discharge 
component of the function. The Rauville Series silt loam underlying Agnes 
Marsh is a frigid cumulic haplaquoll (Doolittle and others, 1981 ). The 
throughflow and discharge wetlands studied by Arndt and Richardson (1988) 
were both class IV semipermanent. This suggests that the soils in Agnes Marsh 
may support an interpretation of a recharge or throughflow wetland function. 
All of the cited work was done in low permeability sediments on 
hummocky moraine. Characteristic of this setting is a steeply dipping regional 
water table (Lissey, 1971). A steep hydraulic gradient must exist to transmit 
water through the flow system in such low permeability sediments, thus there 
exists a significant topographic difference between recharge and discharge 
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wetlands. The recharge depressions are positioned above the water table and 
the water table intersects the bottom of the depression only when recharge is 
occurring (Lissey, 1971, Sloan, 1972, and Labaugh, 1987). With time, the 
water table becomes more horizontal, the zone below the recharge 
depressions desaturates, and the recharge wetlands become positioned well 
above the water table and its capillary fringe (Lissey, 1971; Sloan, 1972; 
Labaugh, 1987). 
The geologic setting at Agnes Marsh differs significantly in that the 
underlying Elk Valley aquifer is highly permeable. In permeable sediments the 
hydraulic gradient required to transmit water is lower, and therefore less 
topographic relief is required between recharge and discharge areas. The 
water table tends to be nearly horizontal. As the water table becomes more 
horizontal, the water table will decline only a few feet below the bottom of the 
recharge wetland. Such is the case with Agnes Marsh. The plant community 
at Agnes Marsh is not a result of its function, but of the shallow depth to the 
water table and capillary fringe, which is a result of the high permeability of the 
Elk Valley aquifer. 
CHAPTER VI 
CONCLUSIONS 
The processes operative at Agnes Marsh were best revealed by the 
hydrologic budget and by observations of the flow system. The water budget 
and flow system revealed that the marsh is isolated and interacts little with the 
underlying Elk Valley aquifer and that inputs and outputs are nearly balanced. 
Therefore the marsh neither contributes to nor gains water from the regional 
flow system, and does not exhibit a characteristic recharge, throughflow, or 
discharge function normally ascribed to a wetland. 
The lack of interaction with the regional ground-water flow system was not 
anticipated, but it serendipitously simplified the budget to four components: 
evapotranspiration, precipitation, and changes in pond and aquifer storage. 
Otherwise, the inputs and outputs through the ground-water flow system would 
have been difficult to estimate due to the lack of well-defined boundary 
conditions. 
The results of this study do not indicate what effect a declining water table 
caused by irrigation withdrawals will have on Agnes Marsh. But general 
lowering of the water table in the Elk Valley aquifer at Agnes Marsh would 
induce more infiltration from the pond. Pond permanence and biota dependent 
on persistent open water would be affected adversely. It is not apparent how 
the remaining phreatophytic vegetation would be affected. 
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Open water at Agnes Marsh is less persistent than that characteristic of a 
Class IV wetland (Stewart and Kantrud, 1972). The plant community may be 
supported by the shallow water table and capillary fringe. A declining water 
table may not place the water table and capillary fringe out of reach of the 
plants. Because the aquifer thins below the marsh, the aquifer may desaturate 
in the eastern portion as the water table declines. Even then, spring snowmelt 
and significant rainfalls may continue to create water table mounds which will 
probably support evapotranspiration before dissipating laterally. 
The character of recharge in the vicinity of Agnes Marsh was not 
revealed by this study. Agnes Marsh most likely provides net recharge to the 
system only during wet years, and that may be offset by consumption during 
dry years. It is also possible that other wetlands throughout the Elk Valley 
aquifer have plant communities whose water consumption is in equilibrium with 
the average input and provide no net recharge. 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
dth 'ft di f bo eo s are 1n ee an e evat1ons are eet a ve mean sea level 
Llthologlc Log Completion 
Reoort 
Location: T.153N. R.55 W. Sec. 04COC Total Oeoth: 6.95 
Test Hole No.: 1A Screened Interval: 5.95-6.95 
Date Drilled: June 1. 1990 Riser Heiaht: 1.0 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1136.40 
Elevation Ground Level: 1135.40 
Deoth I Samole Descrlotion Well Deslan 
0-1.0 Topsoil, silt, clayey, soft, brownish Casing : 1 inch ID pvc 
black 5YA2/1, highly organic, 
peat-like appearance, silt loam Depth: 0 - 5.95 
Elevation: 1135.40-1129.45 
1.0-3.0 silt, clayey, pebbly, prominent 
coarse sand grains and shell 
fragments, brownish black Screen : hack saw slotted 1 inch ID pvc 
5YA2/1, silt loam (till) 
Depth: 5.95-6.95 
3.0-4.0 sand, very fine to medium, Elevation: 1129.45-1128.45 
subrounded, clayey and silty, 
greenish black 5GY2/1 to dark 
greenish black 5G4/1, loamy sand Filter Pack: commercial medium sand 
4.0-6.0 sand, medium to coarse grain, Depth: From 4.45-6.95 
predominantly medium grain, Elevation: 1130.95-1128.45 
subrounded, slightly clayey, 
slightly silty, greenish gray 5G4/1 
Bentonite Seal: granular bentonite 
6.0-7.95 sand, coarse to very coarse grain, 
rounded tabular grains, detrital Depth: 4.45-4.25 
shale with few quartz grains, Elevation: 1130.95-1131. 15 
Grout Seal: backfilled with cuttings 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
I f depths are in feet and e evations are eel above mean sea level 
Lithologic Log Completion 
Report 
Location: T.153N. A.SSW. Sec. 04cdc Total Deoth: 20.44 
Test Hole No.: 1 B Screened Interval: 19.44-20.44 
Date Drilled: Riser Heiaht: 0.87 
Drilling Method: 3 inch hand auger Elevation Casina Too: 1135.74 
Elevation Ground Level: 1134.69 
Depth I Samole Descriotion Well Deslan 
see log for 1 A Casing: 0.75 inch ID steel 
Depth: 0-19.44 
Elevation: 1134.69-1115.25 
Screen : perforated 0. 75 steel 
Depth: 19.44-20.44 
Elevation: 1115.25-1114.25 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: backfilled with cuttings 
Depth: 
Elevation: 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT i 
deoths are 1n feet and elevations are feet above mean sea level 
Llthologlc Log Completion 
Reoort 
Location: T.153 N. R. 55 W. Sec.04DCC Total Depth: 14.35 
Test Hole No.: 2A Screened Interval: 13.35-14.35 
Date Drilled: June 4.1990 Riser Heiaht: 1.0 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1142.16 
Elevation Ground Level: 1141.16 
Oeoth I Samole Description ! Well Deslan 
0·1.0 Topsoil, silt, clayey with very fine Casing : 1 inch ID pvc 
sand, a few coarse sand grains, 
soft, plastic, brownish black Depth: 0·13.35 
5YR2/1, loam to silty loam Elevation: 1141.16-1127.81 
1.0-2.0 silt to very fine sand, slightly 
clayey, well sorted, some coarse Screen : hacksaw slotted 1 inch pvc 
sand grains, brownish gray 
5YR4/1 mottled with light Depth: 13.35-14.35 
brownish gray 5YA6/1, loam to Elevation: 1141.16-1140.16 
silt loam 
2.0-2.65 
sand, very fine to coarse grain, Filter Pack: commercial medium sand. 
predominantly very fine to fine 
grain, angular to rounded, Depth: 
predominantly angular to Elevation: 
subangular, slightly clayey and 
silty, slightly cohesive, pale 
brown 5YR5/2 and banded Bentonite Seal: bentonite pellets 
moderate yellow brown. 10YR5/4 
and dark yellow orange Depth: . j' 
10YR10/2, loamy sand Elevation: 
2.65-3.70 
sand, very fine to coarse, 
predominantly very fine to fine Grout Seal: backfilled with cuttings 
grain, pebbly, clayey and silty, 
cohesive, plastic, oxidized, light Depth: 
yellow brown 1 OYR6/4, loamy Elevation: 
sand to sandy loam, (till) 
3.70-4.6 silt, clayey, sandy, pebbly, soft, 
plastic, gypsum crystals., oxidized, 
light yellow brown 10YA6/4, loam 
to silt loam, ( till) 
4.6-12.0 as above, some interbedded 
gravel, gypsum crystals to 5.4, 
mottled dark yellow orange 
1 OYR6/6 and greenish gray 
5GY6/1, saturated at 5.5, 
12.0-14.35 
as above.light olive gray mottled 
with olive orav, olive orav at 13.7 
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r SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
dh 'f dlt' ftb I ept s are m eel an e eva ions are ee a ove mean sea eve 
Llthologlc Log Completlon 
Report 
Location: T.153 N. R. 55 W. Sec.040CC Total Deoth: 9.1 
Test Hole No.: 28 Screened Interval: 7.1-9.1 
Date Drilled: June 4,1990 Riser Heiaht: 0.9 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1141.95 
Elevation Ground Level: 1141.05 
Deoth I Sample Description Well Deslan 
see log 2A Casing : 1 inch ID pvc 
Depth: 0-7.1 
Elevation: 1141.05-1133.95 
Screen : hacksaw slotted 1 inch pvc 
Depth: 7.1-9.1 
Elevation: 1133.95-1131.95 
Filter Pack: commercial medium sand 
Depth: 6.8-9.1 
Elevation: 1134.25-1131.95 
Bentonite Seal: bentonite pellets 
Depth: From 6.5 To 6.8 
Elevation: 1134.55-1134.25 
Grout Seal: backfilled with cuttings 
Depth: 
Elevation: 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
deoths are in feet and elevations are feet above mean sea level 
i 
Llthologlc Log Completion 
Renort 
Location: T.153N. R.55W. Sec. 040BB Total Deoth: 7.65 
Test Hole No.: 3A Screened Interval: 6.65-7.65 
Date Drilled: Riser Heiaht: 1.35 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1142.29 
Elevation Ground Level: 1140.94 
Deoth I Samole Description Well Deslon 
0-1.2 Topsoil, silt, slightly sandy, soft, Casing : 1 inch ID pvc 
slightly cohesive, dusky brown 
5YR2/2, loam to silty clay loam, (till Depth: 0-6.65 
Elevation: 1140.94-1134.29 
1.2-2.5 clay, silty, slightly sandy, soft, 
slightly cohesive, dusky brown 
5YR2/2, loam to silty clay loam (till' Screen : hacksaw slotted 1 inch pvc 
2.5-2.8 sand, very fine to coarse grain, Depth: 6.65-7.65 
predominantly fine to medium, Elevation: 1134.29-1133.29 
poorly sorted, clayey, silty, soft, 
cohesive, plastic, grayish brown 
5YR3/2, loamy sand to sandy Filter Pack: formation collapsed 
loam (till) 
Depth: 5.6-7.65 
2.8-3.7 sand, very fine to coarse grain, Elevation: 1135.34-1133.29 
predominantly fine to medium, 
poorly sorted, angular to rounded, 
slightly silty, slightly clayey, Bentonite Seal: bentonite pellets 
slightly cohesive, oxidized, 
moderate yellow brown 10YR5/4 Depth: 4.9-5.6 
Elevation: 1136.04-1135.34 
3.7-5.1 sand, very fine to coarse grain, 
predominantly fine grain, 
moderately well sorted, angular to Grout Seal: backfill with cuttings 
rounded, predominantly 
subangular to subrounded., Depth: 
oxidized, motued moderate yellow Elevation: 
brown 1 ORY5/4 and dark reddish 
brown 1 OYR3/4, saturated at 
about 4.6 
5.1-8.0 sand, fine to coarse grain, 
predominantly medium to coarse, 
less clay than above, moderately 
well sorted, friable, oxidized, 
moderate yellow brown 1 OYR5/4, 
sand or loamy sand 
8.0- sand, fine to coarse grain, 
predominantly medium to coarse, 
rounded tabular detrital shale 
grains, 20% rounded qu~rtz 
moderatelv sorted. hole cavina 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
d th . f t d I f tabo I eo s are 1n ee an e evations are ee ve mean sea eve 
Lithologlc Log Completion 
Report 
Location: T.153N. R.55W. Sec. 04088 Total Depth: 5.35 
Test Hole No.: 38 Screened Interval: 3.35-5.35 
Date Drilled: June 7, 1990 Riser Heiaht: 1. 15 
Drilling Method: 3 inch hand auger Elevation Casino Top: 1141.94 
Elevation Ground Level: 1140.79 
Depth I Sample Description Well Design 
see log for 3A Casing : 1 inch ID pvc 
Depth: 0-3.35 
Elevation: 1140.79-1137.44 
Screen : hacksaw slotted 1 inch pvc 
Depth: 3.35-5.35 
Elevation: 1137.44-1135.44 
Filter Pack: commercial medium sand. 
Depth: 2.8-5.35 
Elevation: 1137.99-1135.44 
8entonite Seal: pellets 
Depth: 2.55-2.8 
Elevation: 1138.24-1137.99 
Grout Seal: backfill with cuttings 
Depth: 
Elevation: 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
depths are in feet and elevations are feet above mean sea level 
Uthologlc Log Completion 
ReDOrt 
Location: T.153N. A.SSW. Sec. 04088 Total Deoth: 19.75 
Test Hole No.: 3C Screened Interval: 18.75-19.75 
Date Drilled: Seotember 7. 1990 Riser Heiaht: 1.0 
Drilling Me1hod: 3 inch hand auger Elevation Casina Top: 1142.02 
Elevation Ground Level: 1140.92 
Depth I S-amole Descriotlon Well Deslan 
see log for 3A Casing : 0.75 inch ID steel 
Depth: 0-18.75 
Elevation: 1140.92-1122.17 
Screen : perforated 0.75 inch steel pipe 
Depth: 18.75-19.75 
Elevation: 1122.17-1121.17 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
. Grout Seal: backfill with cuttings 
Depth: 
Elevation: 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
h . f d I f I deot s are 1n eel an e evat1ons are eet above mean sea lave 
Llthologic Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec.09ACD Total Depth: 6.3 
Test Hole No.: 4A Screened Interval: 5.3-6.3 
Date Drilled: June 15, 1990 Riser Heiaht: 0.99 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1139.02 
Elevation Ground Level: 1138.03 
Deoth I Samole Descrlotlon Well Deslan 
0-1.5 Topsoil, clay, slightly silty, slightly Casing : 1 inch ID pvc 
sandy, soft, plastic, organic with 
many roots, dusky brown 5YR2/2, Depth: 0-5.3 
clay loam Elevation: 1138.03-1132.73 
1.5-2.2 sand, fine to medium grain, 
slightly silty, clayey, angular to Screen : hacksaw slotted 1 inch pvc 
rounded, predominantly angular to 
subrounded, cohesive, moldable, Depth: 5.3·6.3 
grayish brown 5YR1/2, loamy Elevation: 1132.73-1131.73 
sand to sandy loam 
2.2-2.8 S!lnd, as above, more clayey, Filter Pack: commercial medium sand 
banded grayish brown 5YR1/2 
and grayish olive green 5GY3/2, Depth: 4.7-6.3 
sandy clay loam Elevation: 1133.33-1131.73 
2.8-3.0 sand.fine to medium grain, 
predominantly medium, angular to Bentonite Seal: pellets 
subrounded, slightly clayey, 
cohesive, oxidized, dusky y. green Depth: 4.56-4.7 
SGYS/2, loamy sand to sandy Elevation: 1133.47-1133.33 
loam 
3.0-4.2 
sand, very fine grain to silt, Grout Seal:backfill with cuttings 
moderately well sorted, angular to 
subangular., slightly clayey, Depth: . 
cohesive, light olive 1 OYS/4 Elevation: 
mottled with reddish brown 
10A4/ 
4.2-4.4 
4.4-6.0 
6.0-6.5 
6.5-8.11 
60 
sand, as above, light olive gray 
5Y5/2 mottled with dark yellow 
orange 10YA6/6 
sand, as above, light olive gray 
10Y5/2, saturated 
silt, slightly clayey, soft, plastic, 
light olive gray 5Y5/2, silt to silt 
loam 
sand, fine to medium grain, 
predominantly medium grain, 
subangular to rounded., 
predominantly subrounded to 
rounded, slightly silty, clayey, 
slightly cohesive, oxidized 
moderate yellow brown 1 OYAS/4 
and dark reddish brown 1 OA3/4, 
loamv sand 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
deoths are in feet and elevations are feet above mean sea level 
Lithologic Log Completion 
Report 
Location: T.153N. R.55W. Sec.09ACO Total Depth: 16.53 
Test Hole No.: 48 Screened Interval: 13.53-16.53 
Date Drilled: Riser Heiaht: 1.94 
Drilling Method: driven well Elevation Casino Too: 1139.92 
Elevation Ground Level: 1137.98 
Depth I Sample Description Well Deslan 
see log for 4A Casing : 1.25 inch 10 black steel 
Depth: 0-13.53 
Elevation: 1139.92-1126.39 
Screen : 1.25 inch stainless, #12, wire 
wrap 
Depth: 13.53-16.53 
Elevation: 1126.39-1123.69 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: backfill with cuttings 
Depth: 
Elevation: 
' 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT i 
deoths are in eet and elevations are feet above mean sea level 
Lithologlc Log Completion 
. Reoort 
Location: T.153N. A.55N. Sec.09BAB Total Deoth: 5.22 
Test Hole No.: SA Screened Interval: 4.22·5.22 
Date Drilled: June 22.1990 Riser Heiaht: 0.96 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1140.99 
Elevation Ground Level: 1140.03 
Deoth I Sample Description Well Oeslan 
0-1.8 clay, very silty, slightly sandy, Casing : 1 inch ID pvc pipe 
soft, crumbly to slightly cohesive, 
becomes plastic with depth, dark Depth: 0-4.22 
brownish gray 5YR3/1, clay loam Elevation: 1140.99-1136.77 
1.8-2.1 clay, as above, oxidized, 
interbedded well sorted medium Screen : hacksaw slotted 1 inch pvc 
sand, subangular to rounded, 
Depth: 4.22-5.22 
2.1-3.0 sand, fine to medium grain, clayey, Elevation: 1136.77-1135.77 
silty, poorly sorted, cohesive, 
plastic, grayish brown 5YR3/2 
changing to moderate brown Filter Pack: commercial medium sand 
5YR4/4 at 2.8, loamy sand 
Depth: 3.96-5.22 
3.0-4.3 sand, fine to medium grain, Elevation: 1137.03-1135.77 
predominantly medium, slightly 
silty, slightly clayey, oxidized 
moderate yellow brown 10YR5/4, · Bentonite Seal: 
sand to loamy sand 
Depth: 3.7-3.96 
4.3-7.8 sand, medium to coarse grain, Elevation: 1137.29-1137.03 
predominantly medium, very 
slightly silty. very slightly clayey, 
subangular to rounded, Grout Seal: backfilled with cuttings 
predominantly rounded, saturated 
at 4.7, dark yellow orange Depth: 
1 OYA6/6 banded with dark Elevation: 
reddish brown 10R3/4 
. 
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SOIL BOREHOLE LOG ANO WELL COMPLETION REPORT 
deoths are in feet an d I bov e evations are feet a e mean sea level 
Lithologic Log Completion 
ReDort 
Location: T.153N. R.55N. Sec.09BAB Total Deoth: 21.11 
Test Hole No.: 58 Screened Interval: 20.31-21.11 
Date Drilled: Riser Heiaht: 1.06 
Drilling Method: driven well Elevation Casino Top: 1141.05 
Elevation Ground Level: 1139.99 
Depth I Sample Descrlotlon Well oeslan 
see log for 5A Casing: 0.75 inch steel pipe 
Depth: 0-20.31 
Elevation: 1139.99-1119.68 
Screen : perforated o. 75 inch steel pipe 
Depth: 20.31-21.11 
Elevation: 1119.68-1118.88 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
. 
------------~ 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
dept s are in eet an e evat1ons are eet a ve mean sea leve h . f d I f bo I 
Lithologlc Log Completion 
Reoort 
Location: T.153N. R.55N. Sec.09BAB Total Depth: 10.0 
Test Hole No.: SC Screened Interval: 9.0-10.0 
Date Drilled: Riser Heiaht: 1.0 
Drilling Method: driven well Elevation Casino Too: 1140.99 
Elevation Ground Level: 1139.99 
Deoth I Samole Descrlotlon Well Design 
see log for SA Casing: 0.75 inch steel pipe 
Depth: 0-9.0 
Elevation: 1139.99-1129.99 
Screen : perforated 0. 75 inch steel pipe 
Depth: 9.0-10.0 
Elevation: 1129.99-1128.99 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
~ Elevation: 
Grout Seal: 
Depth: 
Elevation: 
. 
' . 
-----------""'------'-----'------------c~------
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
h f I deot s are in eet and e evations are feet above mean sea level 
Llthologlc Log Completion 
Report 
Location: T.153N. A.SSW. Sec.04DCC Total Deoth: 3.45 
Test Hole No.: 6A Screened Interval: 2.45-3.45 
Date Drilled: Auaust 21, 1991 Riser Heiaht: 3.05 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1137.45 
Elevation Ground Level: 1134.40 
Depth I Samole Descrlotlon Well Deslan 
0-1.5 clay, very silty, slightly sandy, Casing : 1 inch ID pvc pipe 
soft, cohesive, plant roots and 
organic matter, brownish black Depth: 0-2.45 
5YA2/1, silty clay loam Elevation: 1134.40-1131.95 
1.5-2.1 clay, as above, more sandy with 
shell fragments Screen : hacksaw slotted pvc pipe 
2.1-2.7 sand, very fine to silt, Depth: 2.45-3.45 
predominantly very fine sand, Elevation: 1131.95-1130.95 
clayey, cohesive, becomes coarser 
and less clayey with depth, 
greenish gray 5GY5/1, loamy sand Filter Pack: commercial medium sand 
to sandy loam 
Depth: 2.45-3.45 
2.7-4.2 sand, fine to coarse grain, Elevation: 1131.95-1130.95 
predominantly medium to coarse, 
subangular to rounded, 
predominantly quartz with some Bentonite Seal: 
detrital shale, slightly clayey, shale 
content increases with depth, Depth: 2.2·2.45 
olive gray 5Y4/1, sand to loamy Elevation: 1132.20-1131.95 
sand 
4.2-4.4 
sand, coarse to very coarse grain, Grout Seal: backfilled with cuttings 
rounded, 60% detrital shale, 40% 
quartz, little clay Depth: 
Elevation: 
4.4-5.45 sand, fine to medium grain, 
predominantly medium, rounded, 
60% quartz, 40% carbonates and 
dark minerals, 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
dth "ft di f ftb eo s are ,n ee an e eva tons are ee a ove mean sea leve 
Llthologlc Log Completion 
ReDOrt 
Location: T.1S3N. A.SSW. Sec.04DCC Total Oeoth: 15.29 
Test Hole No.: 68 Screened Interval: 12.29-15.29 
Date Drilled: Riser Height: 3.25 
Drilling Method: driven well Elevation Casino Too: 1138.01 
Elevation Ground Level: 1134.76 
Depth I Sample Description Well Design 
see log for 6A Casing : 1.25 inch steel pipe 
Depth: 0-12.29 
Elevation: 1134.76-1122.47 
Screen : Johnson #12 slot stainless 
steel wire wrap 
Depth: 12.29-15.29 
Elevation: 1122.47-1119.47 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
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t SOIL BOREHOLE LOG ANO WELL COMPLETION REPORT 
dh f di ftb II ept s are in eet an e evat1ons are ee a ove mean sea eve 
Llthologlc Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec. 04DBA Total Deoth: 6.33 
Test Hole No.: 7 Screened Interval: 3.33-6.33 
Date Drilled: Riser Heiaht:O 
Drilling Method: 3 inch hand auger Elevation Casing Top: 
Elevation Ground Level: 
Deoth I Samele Descriotlon Well Oeslan 
0-0.5 topsoil, silt, very clayey, soft, Casing : 2 inch ID pvc pipe 
cohesive, plastic, dusky brown 
5YA2/7, silt loam to silty clay loam Depth: 0-3.33 
Elevation: 
0.5-2.0 sitt,very clayey, soft, plastic, 
cohesive, many gastropod shells, 
brownish gray 5YA4/1, silt loam Screen : hacksaw slotted 2 inch pvc 
2.0-3.0 sand, medium to coarse grain, Depth: 3.33-6.33 
predominantly medium, Elevation: 
subangular to rounded, 
predominantly quartz, clayey, silty, 
interbedded fine sand and silty Filter Pack: 
clay, medium olive gray 5Y5/1 
Depth: 
3.0-5.0 sand, as above, predominantly Elevation: 
rounded and tabular detrital shale, 
dark greenish gray 5GY4/1 
Bentonite Seal: 
5.0-5.6 sand, as above, predominantly 
quartz Depth: 
Elevation: 
5.6-6.33 sand, as above, predominantly 
detrital shale 
Grout Seal: 
Depth: 
Elevation: 
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. f d f deoths are 1n eet an elevations are eet above mean sea level 
Llthologlc Log Completion 
Reoort 
Location: Total Depth: 7.1 
Test Hole No.: 8 Screened Interval: 4.1-7.1 
Date Drilled: Riser Heiaht O 
Drilling Method: 3 inch hand auger Elevation Casing Top: 
Elevation Ground Level: 
Depth I Samole Descrlotion Well Deslan 
0-1.34 sand, fine grain, well sorted, Casing : 2 inch 10 pvc pipe 
angular, slightly silty, slightly 
clayey, organic, dark brownish Depth: 0-4.1 
gray, loamy sand to sand 
1.34-2.0 sand, fine to very coarse grain, Screen : hacksaw slotted 2 inch pvc 
gravelly-up to fine pebbles, pipe 
predominantly fine to medium 
sand, slightly clayey, slightly silty, Depth: 4.1-7.1 
cohesive at 1.64, sandy loam to Elevation: 
loamy sand, till? 
2.0-3.6 silt, very clayey, slightly sandy, Fitter Pack: 
slightly pebbly, cohesive, light 
olive gray 5Y6/1, silty loam, till Depth: 
Elevation: 
3.6-4.4 silt, as above.mottled moderate 
yellow brown 10YR5/4 and dusky 
brown 5YR2/2 Bentonite Seal: 
4.4-7.2 silt, as above, mottled with Depth: 
reddish brown 10YAS/2, Elevation: 
saturated at 6.5, large cobble at 
7.2 
Grout Seal: 
Depth: 
Elevation: 
69 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
deoths are in feet and elevations are feet above mean sea level 
Llthologlc Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec. 04DDC Total Decth: 12.81 
Test Hole No.: 9 Screened Interval: 11.81-12.81 
Date Drilled: Riser Heiaht: 1.5 . 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1149.26 
Elevation Ground Level: 1147.76 
Deoth I Samole Descrlotion Well Deslan 
0-2.0 topsoil, silt to very fine sand, Casing : 1 inch ID pvc pipe 
organic 
Depth: 0-11.81 
2.0-3.0 sand,fine to medium grain, Elevation: 1147.76-1135.95 
moderately sorted, subrounded to 
rounded, little silt or clay, light 
olive gray Screen : hacksaw slotted 1 inch pvc 
3.0-3.5 sand, fine to medium, slightly Depth: 11.81-12.81 
pebbly, slightly cohesive to friable, Elevation: 1135.95-1134.95 
light olive gray, till 
3.5-4.4 clay, silty, sandy pebbly, Filter Pack: 
iriterbedded fine to medium sand 
laminae, cohesive, dark olive gray, Depth: 
sandy loam, till Elevation: 
4.4-4.9 sand,fine to medium grain, 
predominantly medium, angular to Bentonite Seal: 
subrounded, no clay, light olive 
green Depth: 
Elevation: 
4.9-5.2 sand.fine to coarse grain, pebbly, 
slightly clayey, slightly cohesive, 
banded light grayish brown and Grout Seal: 
light olive gray, loamy sand, till 
Depth: 
5.2-5.4 silt, very clayey, soft, plastic, Elevation: 
cohesive, moderate yellow brown 
10YR5/4 
70 
5.4-6.0 silt to very fine sand, clayey, 
cohesive, pale olive 10Y6/2 
banded with dark yellow orange 
{ 6.0-8.5 silt, clayey, sandy pebbly, interbedded light gray fine sand, plastic, cohesive, saturated at 
about 8.0, very gravelly 8.-8.5, 
dark yellow orange, silt loam, till 
8.5-9.03 sand, very fine to very coarse 
grain, gravelly, poorly sorted, 
clayey, oxidizes, dark yellow 
orange 
9.03-9.45 
sand, fine to very coarse, 
predominantly coarse, gravelly, 
silty, clayey, mottled dark yellow 
orange 1 OYR6/6 and light olive 
gray 5Y6/1, some black organic 
stringers, sandy clay loam to 
loamy sand, till 
9.45-9.87 
sand, as above, color uniform at 
dark yellow orange 1 OYR6/6, 
9.87-10.35 wetter 
sand, as above, laminations of 
shale pebbles, mottled 1 OYR6/6 
10.35-10.76 and 10YR4/4 
sand, very fine to very coarse, 
predominantly medium to coarse, 
slightly silty, angular to rounded 
predominantly subrounded to 
rounded, predominantly quartz, 
oxidized 1 OYR4/4 
10.76-11.29 sand, as above, coarse gravel, 
more clayey, mottled 10YR5/6 and 
10YA3/4 
11.29-11.9 sand, predominantly very coarse 
sand and fine granules, pebbly, 
saturated, 1 OYA5/4 
11.9-12.28 clay, silty, very pebbly, silty clay 
loam, till 
12.28-12.81 clay, silty, sandy, pebbly, sandy 
loam to loamy sand, friable, 
SGYS/2 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
dh 'ftdl f bo eot s are 1n ee an e evations are eet a ve mean sea level 
Llthologlc Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec. 04 Total Depth: 5.41 
Test Hole No.: 10A Screened Interval: 4.41-5.41 
Date Drilled: April 4. 1991 Riser Heiaht: 1.5 
Drilling Method: 3 inch hand auger Elevation Casina Too: 1138.51 
Elevation Ground Level: 1137.01 
Depth I Sample Descrlotion Well Deslan 
0-0.3 topsoil, clay, silty, to clayey silt, Casing : 1 inch ID pvc pipe 
organic, plant roots, calcareous, 
frozen Depth: 0·4.41 
Elevation: 1137 .01-1132.60 
0.3-1.90 clay, silty, many shell fragments, 
very calcareous, Tabor ice to 1.9, 
10YA2/2 Screen : hacksaw slotted 1 inch pvc 
1.9-2.9 clay, silty, soft, very plastic, very Depth: 4.41-5.41 
calcareous, many shelf fragments, Elevation: 1132.60-1131.60 
5Y4/1 
2.9-3.5 sand, very fine to coarse silt, very Filter Pack: commercial m. sd. 
cohesive, very plastic, angular to 
subrounded, predominantly Depth: 
quartz, non-calcareous, 10V5/3 Elevation: 
mottled with SY 4/1 
3.5-4.2 sand, medium to coarse grain, well Bentonite Seal: pellets 
sorted, subangular to rounded, 
predominantly quartz, 5G4/1 Depth: 
mottled with 5YA4/1 Elevation: 
4.2-5.0 sand, very coarse to fine pebble, 
predominantly very coarse, Grout Seal: backfilled with cuttings 
angular to rounded, predominantly 
subrounded, 45% detrital shale, Depth: 
45% quartz, 10% carbonates, Elevation: 
5G4/1 to 5YA4/1 
5.0-6.55 sand, as above, predominantly 
quartz and carbonates, fess shale 
I 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT J 
f b deoths are in eet and elevations are feet a ove mean sea level 
Llthologlc Log Complatlon 
Reoort 
Location: T.153N. R.55W. Sec. 04 Total Deoth: 16.53 
Test Hole No.: 108 Screened Interval: 13.53-16.53 
Date Drilled: Riser Heiaht: 1.94 
Drilling Method: driven well Elevation Casino Too: 1138.27 
Elevation Ground Level: 1136.54 
Depth I Samele Descriotion Well Deslan 
see log for 1 OA Casing : 1.25 inch ID steel pipe 
Depth: 0-13.53 
Elevation: 1136.54-1124.74 
Screen : Johnson #12 stainless steel 
wire wrap 
Depth: 13.53-16.53 
Elevation: 1124.74-1121.74 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: pellets 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
\ 
! 
{ 
J 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
th 'f di f deo1 s are rn eet an e evat,ons are eet above mean sea level 
Llthologlc Log Completion 
. Reoort 
Location: T. 153N. R.55W. Sec. 09BCD Total Deoth: 5.9 
Test Hole No.: 11A Screened Interval: 4.9-5.9 
Date Drilled: Mav 12. 1991 Riser Heioht: 2.0 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1136.09 
Elevation Ground Level: 1134.09 
Deoth I Samele Descrlotion Well Deslan 
0-0.5 plant fibers, silty, calcareous, black Casing : 1 inch ID pvc pipe 
0.5·1.5 silt, slightly sandy, organic, very Depth: 0-4.9 
calcareous, black Elevation: 1134.09·1129.19 
1.5-3.0 sand, medium grain, well sorted, 
subangular to rounded, slightly Screen : hacksaw slotted 1 inch pvc 
clayey, very calcareous, dusky 
yellow 5Y6/4 mottled with pale Depth: 4.9-5.9 
olive 10Y6/2 Elevation:1129.19-1128.19 
3.0-5.1 sand, coarse grain, well sorted, 
subangular to rounded, Filter Pack: backfilled sand cuttings 
predominantly rounded, slightly 
clayey, very calcareous, Depth: 
predominantly detrital shale with Elevation: 
some quartz and carbonates, 
5YR3/2 
Bentonite Seal: 
5.1 ·5.9 sand, coarse to very coarse grain, 
predominantly coarse, subangular Depth: 
to rounded, predominantly Elevation: 
rounded, 50% detrital shale, 25% 
quartz, 25o/o, carbonates, 
calcareous, unoxidized, 5GY2/1 Grout Seal: 
Depth: 
Elevation: 
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d h . f d I f bo I eot s are 1n eet an e evat1ons are eet a ve mean sea eve . 
Lithologic Log Completion 
Report 
Location: T.153N. A.SSW. Sec. 09BCD Total Deoth: 16.4 
Test Hole No.: 118 Screened Interval: 13.4-16.4 
Date Drilled: Riser Heiaht: 2. 1 
Drilling Method: driven well Elevation Casino Too: 1136.04 
Elevation Ground Level: 1133.94 
Depth I Samole Descrlotion Well Desian 
see log for 11A Casing : 1.25 Inch ID steel pipe 
Depth: 0· 13.4 
Elevation: 1133.94-1120.54 
Screen : Johnson #12 stainless steel 
wire wrap 
Depth: 13.4-16.4 
Elevation: 1120.54-1117 .54 
Filter Pack: backfilled sand cuttings 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
I 
{ 
J 
I 
I 
! 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
• depths are in feet and elevations are feet above mean sea level 
Lithologic Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec.09BDC Total Deoth: 8.32 
Test Hole No.: 12 Screened Interval: 7.32-8.32 
Date Drilled: Mav 12, 1991 Riser Heioht: 1.68 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1141.79 
Elevation Ground Level: 1140.11 
Der,th I Samr,Je Description Well Deslan 
0-0.2 plant fibers Casing : 1 inch ID pvc pipe 
0.2-1.5 silt, sandy, clayey, slightly Depth: 0-7.32 
cohesive, calcareous, sandier with Elevation: 1140.11-1132.79 
depth, 5YR2/1, silt loam 
1.5-1.8 clay, silty, sandy, soft, plastic, Screen : hacksaw slotted 1 inch pvc 
very calcareous, 5YR2/1 
Depth: 7.32-8.32 
1.8-2.4 sand, fine to medium grain, Elevation: 1132. 79-1131. 79 
predominantly fine, subangular to 
rounded, clayey, very calcareous, 
5YR2/1, loam Filter Pack: 
2.4-4.0 sand, as above, more clayey, Depth: 
10YR5/6 banded with 10R2/2 Elevation: 
4.0-5.0 sand, very fine to silt, slightly 
clayey, slightly calcareous, 
1 OYRS/6 mottled with 5Y6/1, 
Bentonite Seal: 
sand loam Depth: 
Elevation: 
5.0-6.5 sand, very fine to fine grain, well 
sorted, subangular to rounded, 
saturated, 1 OYRS/6 mottled with Grout Seal: 
5GY6/1 
Depth: 
6.5-7.9 sand, as above, 5Y4/1 Elevation: 
7.9-8.4 silt.clayey, sandy, pebbly, cobbely, 
firm, plastic, 1 OY 4/2, silt loam, till 
76 
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depths are in feet and elevations are feet above mean sea level 
Llthologic Log Completion 
Report 
Location: Total Deoth: 
Test Hole No.: 13 Screened lnterval:none 
Date Drilled: Riser HeiQht: 
Drilling Method: 3 inch hand auger Elevation Casino Top: 
Elevation Ground Level: not 
known 
Depth I Sample Description Well Design 
0-0.7 sand, very fine to fine, slightly Casing : none 
suty, slightly clayey, predominantly 
loose and crumbly, 10YA4/2 Depth: 
mottled with 10YA5/4, sandy Elevation: 
loam to loamy sand 
0.7-1.8 
sand, as above, color 10YR5/4 Screen : none 
1.8-4.0 
sand, as above, with increasing Depth: 
clay and some medium sand Elevation: 
4.0-5.8 
sand, very fine to medium, clayey, 
cohesive, 5YR4/4 banded with Filter Pack: 
10YR4/2, sandy loam 
5.8-7.0 Depth: 
clay, very silty, slightly sandy, Elevation: 
slightly pebbly, firm, plastic, 
cohesive, glacial till, 10YR7/4 
mottled with 1 OYAS/4 Bentonite Seal: 
7.0-10.5 Depth: 
silt, very clayey, sandy, pebbly, Elevation: 
firm, friable, 10YR6/6, silt loam to 
silty loam 
10.5-13.0 Grout Seal: 
silt, as above, mottled with 5Y6/1, 
cobble impedes further augering Depth: 
Elevation: 
j 
I 
) 
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deoths are in feet an d f bo elevations are eet a ve mean sea level 
Llthologlc Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec. 04080 Total Deoth: 7.33 
Test Hole No.: 14 Screened Interval: 6.33-7.33 
Date Drilled: Riser Heiaht: 2.0 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1143.62 
Elevation Ground Level: 1141.62 
Decth I Samele Descriction Well Oesian 
0·1.3 clay, very silty, slightly sandy, Casing : 1 inch ID pvc pipe 
soft, friable, organic, 5YR2/2, silt 
loam Depth: 0·6.33 
1.3·1.6 Elevation: 1141.62-1135.29 
clay, silty, slightly sandy, soft, 
slightly plastic, 1 OYR2/2 banded 
with 10YR8/6 and 10YR6/6 Screen : hacksaw slotted 1 inch pvc 
1.6-1.8 
silt, clayey, soft, plastic, 10YR2/2 Depth: 6.33·7.33 
banded with 1 OYR6/6 and Elevation: 1135.29-1134.29 
1.8·5.0 10YR7/4 
.sand,very fine to silt, pred. very Filter Pack: 
fine sand, slightly clayey, 
cohesive, predominantly quartz, Depth: 
5.0·9.3 saturated at 4.5, 10YR5/4 mottled Elevation: 
with 5GY6/1 
sand, fine to coarse silt, Bentonite Seal: 
predominantly very fine sand, 
predominantly quartz, slightly Depth: 
clayey, 10YR5/6 mottled with Elevation: 
5GY6/1 and 1 OR2/2 
Grout Seal: 
Depth: 
Elevation: 
78 
SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
deoths are rn feet an d f bo elevations are eet a ve mean sea level 
Lithologlc Log Completion 
Reoort 
Location: T.153N. A.SSW. Sec. 04CAC Total Oeoth: 7.19 
Test Hole No.: 15A Screened Interval: 6.19-7.19 
Date Drilled: Riser Heiaht: 2.0 
Drilling Method: 3 inch hand auger Elevation Casino Too: 1141.83 
Elevation Ground Level: 1139.83 
DeDth 
' 
SamDle Description Well Deslan 
0-1.5 silt, slightly sandy, organic, Casing : 1 inch ID pvc pipe 
5YR2/2, silt loam 
Depth: 0-6.19 
1.5-3.2 silt, clayey, soft, cohesive, slightly Elevation: 1139.83-1133.64 
plastic, 10YR2/2 banded with 
5Y2/1 , becomes sandy with depth 
Screen :hacksaw slotted 1 inch pvc 
3.2-3.5 clay, silty, sandy, soft, cohesive, 
plastic, 5Y3/1, silt loam to loam, Depth: 6.19-7.19 
till Elevation:1133.64-1132.64 
3.5-4.2 
clay, slightly silty, slightly sandy, 
soft, cohesive, plastic, 5Y5/2 Filter Pack: 
4.2-4.8 
sand, very fine to medium Depth: 
grain.clayey, cohesive, plastic, Elevation: 
5Y5/2, sandy loam to sandy clay 
loam 
4.8-7.4 Bentonite Seal: 
sand, fine to coarse grain, 
predominantly medium, angular to Depth: 
rounded, predominantly Elevation: 
subrounded to rounded, slightly 
clayey, 70% quartz, 300/o detrital 
shale, saturated at 5.5 Grout Seal: 
Depth: 
Elevation: 
) 
{ 
i 
79 
SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
d h 'f di f b eot s are in eet an e evations are eet a ove mean sea level 
Lithologlc Log Completion 
Reoort 
Location: T.153N. R.55W. Sec. 04CAC Total Deoth: 16.86 
Test Hole No.: 158 Screened Interval: 13.86-16.86 
Date Drilled: Riser Heiaht: 1.68 
Drilling Method: driven well Elevation Casina Too: 1141.71 
Elevation Ground Level: 1140.03 
Depth I Sample Description Well Deslan 
I 
I 
see log for 15A Casing : 1.25 inch ID steel pipe 
Depth: 0-13.86 
Elevation: 1140.03-1126.17 
Screen : Johnson #12 stainless steel 
wire wrap 
Depth: 13.86-16.86 
Elevation:1126.17-1123.17 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Groot Seal: 
Depth: 
Elevation: 
I 
i ~ .... -----------~---"-'-~~~"~-
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f SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
deoths are 1n feet and elevations are feet above mean sea level 
Llthologlc Log Completion 
Reoort 
Location: Total Deoth: 6.85 
Test Hole No.: 16A Screened Interval: 5.85-6.85 
Date Drilled: Riser Heiaht: 2.0 
Drilling Method: 3 inch hand auger Elevation Casino Top: 1141.04 
Elevation Ground Level: 1139.04 
Depth I Samole Description Well Design 
0-0.8 silt, slightly clayey, slightly sandy, Casing : 1 inch ID pvc pipe 
organic, soft, friable, 5YR2/2, 
loam to silt loam Depth: 0·5.85 
Elevation: 1139.04-1133.19 
0.8·1.5 clay, silty, slightly sandy, soft, 
plastic, cohesive, 5Y2/2 with 
streaks of 5YR3/4 Screen : hacksaw slotted 1 inch pvc 
pipe 
1.5-2.0 clay, slightly silty, very sandy, 
soft, plastic, slightly friable, Depth: 5.85-6.85 
5YR3/4 Elevation: 1133.04-1132.04 
2.0·2.7 
sand, very fine to medium grain, 
subangular to rounded, clayey, Filter Pack: 
10YR5/4 . 
2.7-3.0 Depth: 
sand, fine to medium grain, Elevation: 
subrounded to rounded, very 
slightly clayey, 10YR5/4 banded 
with 10A2/2 Bentonite Seal: 
3.0·4.8 
sand, as above, mottled with Depth: 
10'.'R6/6, 1 OYR7/4, 1 OYR5/4 Elevation: 
4.8-7.12 
sand, as above, saturated, banded 
with 5RP4/2 Grout Seal: 
Depth: 
Elevation: 
,, 
l 
l 
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d th . f d I I" f bo I I ep· s are in eet an e eva ions are eet a ve mean sea eve 
Llthologic Log Completion 
Report 
Location: Total Depth: 16.62 
Test Hole No.: 168 • Screened Interval: 13.62-16.62 
Date Drilled: Riser Heiaht: 1.9 
Drilling Method: driven well Elevation Casino Too: 1140.82 
Elevation Ground Level: 1138.92 
Depth I Sample Description Well Design 
see log for 16A Casing: 1.25 inch ID steel pipe 
Depth: 0-13.62 
Elevation: 1138.92-1125.30 
Screen: Johnson #12 stainless steel 
wire wrap 
Depth: 13.62-16.62 
Elevation: 1125.30 1122.62 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
. ' I 
- - ~-----------, 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
eoths are in eet an e vat1ons are eet above mean sea d 'f die I I evel 
Llthologlc Log Completion 
Reoort 
Location: Total Deoth: 13.55 
Test Hole No.: 17 Screened Interval: 12.55-13.55 
Date Drilled: Riser Heiaht: 2.0 
Drilling Method: 3 inch hand auger Elevation Casina Too: 1148.79 
Elevation Ground Level:1146. 79 
Oeoth I Samole Description Well Deslan 
0-0.8 silt, sandy, organic, soft, friable, Casing : 1 inch ID pvc pipe 
5YA3/2 
Depth: 0-12.55 
0.8-1.2 sand, very fine grain to silt, Elevation: 1146.79-1134.24 
friable, 10YA6/2 mottled with 
10YR6/6 
1.2-1.8 Screen : hacksaw slotted 1 inch pvc 
silt, to very fine sand, slightly pipe 
clayey, cohesive, 1 OYR7/4 
1.8-3.1 Depth: 12.55-13.55 
silt, as above, 10YR5/4 Elevation: 1134.24-1133.24 
3.1-5.1 
silt, as above, 1 OYAS/6 mottled 
with 1 OYR6/6 Filter Pack: 
5.1-13.9 
silt, as above, saturated, 1 OYR4/6 Depth: 
banded with 5GY8/1 Elevation: 
13.9-14.7 
silt, as above, 5Y4/2 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
I 
I. 
I 
J 
l 
l 
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d h . f d I f bo I eot s are in eet an e evat1ons are eet a ve mean sea eve 
Llthologlc Log Completion 
Reoort 
Location: Total Deoth: 
Test Hole No.: 18 Screened Interval: 
Date Drilled: Riser Heiaht: 
Drilling Method: driven well Elevation Casino Top: 1143.42 
Elevation Ground Level: 
Deoth I Samole Description Well Deslan 
none Casing : 1.25 inch ID steel pipe 
Depth: 
Elevation: 
Screen : stainless steel drive point 
' Depth: 
Elevation: 
Filter Pack: 
Depth: 
Elevation: 
Bentonite Seal: 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
~ .. - ~""'-'--------------"'-'--~~~-
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
th 'f di f b I deo· s are in eet an e evat1ons are eet a · ove mean sea !eve 
Llthologlc Log Completion 
Report 
Location: 153-55-04ccd Total Deoth:62 
Test Hole No.: SWC 2418 Screened Interval: 59-62 
Date Drilled: 1965 Riser Heiaht: 
Drilling Method: 4. 75 inch hole, forward rotary-mud Elevation Casina Top: 1141.16 
Elevation Ground Level: 1139.41 
Depth I Sample Description Well Deslan 
0-1 Soil, brownish black, silty Casing : 1.25 inch pvc 
1-3 silt, poor samples Depth: 0-59 
Elevation: 
3-15 sand, coarse, moderately sorted, 
angular to subrounded, oxidized 
Screen: 
15-44 sand, coarse, poorly sorted, 
angular to subrounded, unoxidized Depth: 59-62 
Elevation: 
44·50 silt, olive gray, clayey 
50-62 til_l, olive gray, poor samples Filter Pack: none 
Depth: 
Elevation: 
Bentonite Seal: none 
Depth: 
Elevation: 
Grout Seal: none 
Depth: 
Elevation: 
I 
I 
I 
I 
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SOIL BOREHOLE LOG AND WELL COMPLETION REPORT 
f di f bo deoths are in eet an e evat,ons are eet a ve mean sea level 
Llthologlc Log Completion 
Reoort 
Location: 153-55 -08aaa Total Oeoth: 80 
Test Hole No.; SWC12736 Screened Interval: 48-53 
Date Drilled: June 10, 1991 Riser Heiaht: 2.0 
Drilling Method: 4.75 inch, forward rotary-mud Elevation Casino Too: 1145.81 
Elevation Ground Level: 1143.85 
Deoth I Samole Descrlotlon Well Deslqn 
0-4 Topsoil Casing : 2 inch 10 pvc 
4-9 clay, till for approach Depth: 0-48 
Elevation: 
9-11 sand, very fine to very coarse, 
brownish red, oxidized 
·, Screen : 2 inch 10 pvc 
11-43 sand, very fine to very coarse, 
predominantly medium to coarse, Depth; 48-53 
becomes slightly coarser with Elevation: 
depth, moderately to poorly 
sorted, subangular to rounded, 
predominantly rounded, 40% Filter Pack: collapsed formation 
quartzose, 30% shale, 30% others 
Depth: 
43-55 sand and gravel, as above except Elevation: 
up to 5 mm gravel, predominantly 
coarse to very coarse sand, 
subrounded to rounded Bentonite Seal: 7 bags granular 
bentonite to surface 
55-64 clay, silty, no inclusions, 
moderately firm Depth: 
Elevation: 
64-80 clay, silty, sandy, pebbly, medium 
gray, moderately firm, inclusions, 
till, interbedded sand and gravel Grout Seal: 
67·69 
Depth: 
Elevation: 
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SOIL BOREHOLE: LOG AND WELL COMPLETION REPORT 
dh 'f dlf ftb II ept s are in eet an e eva ions are ee a ave mean sea eve 
Lithologlc Log Completion 
Reoort 
Location: 153-55-09baba Total Depth: 40 
Test Hole No.: SWC 12735 Screened Interval: 15-20 
Date Drilled: June 19. 1991 Riser Heiaht: 2.0 
Drilling Method: 4. 75 inch forward rotary-mud Elevation Casino Too: 1139.43 
Elevation Ground Level: 1137.47 
Deoth l Samole Descrlotlon Well Design 
0-1 Topsoil Casing : 2 inch 10 pvc 
1-3 clay, silty, sandy, pebbly, some Depth: 0-15 
inclusions, yellow to brownish Elevation: 
gray, moderately soft, slightly 
cohesive, till 
Screen : 2 inch pvc 
3-7 sand, very fine to very coarse, 
predominantly medium to coarse, Depth: 15-20 
moderately to poorly sorted, 30- Elevation: 
40% shale, 40-50% quartzose, 1 o-
20% others, oxidized 
Filter Pack: collapsed formation 
7-18 sand, very fine to very coarse, 
predominantly coarse, poorly Depth: 
sorted, some 2 mm gravels, 30% Elevation: 
shale, subangular to rounded 
18-40 clay, silty, sandy, pebbly, Bentonite Seal: granular bentonite to 
inclusions, medium gray, surface 
moderately firm, till 
Depth: 
Elevation: 
Grout Seal: 
Depth: 
Elevation: 
i 
~--------------~----~~-=~ 
I 
. I 
APPENDIX II 
STATE WATER COMMISSION NUMBERING SYSTEM 
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The North Dakota State Water Commission system for denoting the location of a 
test hole or well is based on the federal system of rectangular surveys of public 
lands. The first and second numbers indicate the Township North and Range 
West of the 5th Principal Meridian and base line (fig. 20). The third number 
indicates the section. The letters A, 8, C, and D designate, respectively, the 
northeast, northwest, southwest, and southeast quarter section ( 160 acre 
tract), quarter-quarter section (40 acre tract), and quarter-quarter-quarter 
section (10 acre tract). Therefore a well denoted as 153-055-04ADD would be 
located in the SE 1/4SE 1/4 NE 1/4 of section 4, Township 153 North, Range 
55 West. Consecutive terminal numbers are added if more than one well is 
located in a 10 acre tract, for example, 153-055-04ADD1 and 153-055-
04ADD2. 
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------ 153-055-04ADD 
Figure 20 - State Water Commission location numbering system. 
APPENDIX Ill 
GRAIN SIZE ANALYSIS OF CORES 
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Approximately 45 gram samples were soaked overnight in 150 ml of Calgon 
solution. These were agitated in a blender to disaggregate the sample and 
suspend the fines. The disaggregated sample and solution were then poured 
into a 1 liter cylinder, topped off with distilled water, and agitated with a plunger 
to suspend the fines. The silt through gravel fraction was allowed to settle. A 
hydrometer was then used to determine the density of the clay-Calgonite 
suspension / solution and the mass of the clay fraction was determined. The 
entire contents of the cylinder were washed through a No. 230 (0.62 mm) sieve, 
retaining the sand through gravel fraction. This was dried overnight at 200 
degrees. After drying, the sand and gravel were passed through 2, 1, and 
0.062 mm sieves and the mass of the sample retained on each was determined. 
The mass of the silt fraction was determined as the difference between the 
original sample mass and the sum of the clay, sand, and gravel fraction. The 
following table contains the percentages as determined above. 
Table 1.- Distribution of grain sizes 
Location Depth Percent in Size Class (mm) 
Site {ft) >2 2-1 1 • .062 .062 • <.004 
.004 
1 4.7-5.5 0 1.6 73.2 17.5 7.7 
6 2.3-3.0 0 0.3 23.3 51.1 25.3 
6 4.4-5.2 0 4.2 73.1 10.0 12.7 
10 1.0-2.4 0.1 0.6 8.1 49.2 42.2 
10 4.4-5.1 0 0.5 75.2 16.6 7.7 
11 1.4-2.1 0.2 0.5 55.9 19.2 24.4 
11 2.7-3.5 0 0 54.2 28.0 17.8 
-----------~~~------
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RAIN GAGE DATA 
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Precipitation Gaqe 1 
values are in inches 
Date I Amount 
6/8/91 installed 
6/10/91 0.4 
6/12/91 0.25 
6/13/91 0.20 
6/17/91 0.70 
6/21/91 0.50 
6/26/91 0.06 
6/28/91 dry 
Precipitation Gaqe 2 
values are in inches 
Date I Amount 
6/8/91 installed 
6/10/91 0.39 
6/12/91 ·0.45 
6/13/91 0.20 
6/17/91 0.67 
6/12/91 0.40 
6/26/91 0.05 
6/28/91 dry 
• no record 
Precipitation Gage 3 
values are in inches 
Date I Amount 
7/21/91 installed 
8/4/91 0.98 
8/8/91 0.68 
• no record 
Date 
7/1/91 
7/6/91 
7/9/91 
7/14/91 
7/21/91 
7/27/91 
8/4/91 
8/8/91 
Date 
7 /1 /91 
7/6/91 
7/9/91 
7/14/91 
7/21/91 
7/29/91 
8/4/91 
8/8/91 
Date 
8/12/91 
8/16/91 
8/18/91 
93 
I Amount Date I Amount 
3.65 8/12/91 dry 
0.65 8/16/91 0.50 
0.35 8/18/91 0.07 
0.60 9/1/91 0.66 
0.57 9/15/91 0.66 
0.15 9/29/91 2.90 
0.95 
0.70 
I Amount Date I Amount 
3.65 8/12/91 dry 
0.65 8/16/91 0.43 
0.48 8/18/91 0.15 
0.65 9/1/91 0.70 
• 9/15/91 0.92 
0.15 9/29/91 2.62 
1.00 
0.75 
I Amount Date I Amount 
• 9/1/91 0.65 
0.37 9/15/91 • 
0.05 9/29/91 2.97 
~··~ ~-------"'-""'"~···· ~~-
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EVAPORATION PAN DATA 
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Evaporation Pan 1 
values are in feet below the edae of the oan 
Date Water Date Water Date Water 
Level Level Level 
7/1/91 0.13* 7/27/91 0.12 9/1/91 0.19* 
7/6/91 0.10 8/4/91 0.10 9/15/91 0.25 
7/9/91 0.09 8/8/91 0.08 9/29/91 0.11 
7/14/91 0.07 8/12/91 0.15 
• I 7/21/91 0.09 8/16/91 0.17 
• filled to this level 
Evaporation Pan 2 
values are in feet below the edoe of the nan 
Date Water Date Water Date Water 
Level Level Level 
7/27/91 0.15* 8/12/91 0.18 9/1/91 0.15* 
8/4/91 0.13 8/16/91 0.22 9/15/91 0.24 
8/8/91 0.11 8/21/91 0.23* 9/29/91 0.11 
* filled to this level 
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APPENDIX VI 
STAFF GAGE MEASUREMENTS 
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Staff Gage No. 1 Elevation at Top of Gaoe: 1138.46 
values are in feet below top of gage 
Date Water Date Water Date Water 
Level Level Level 
6/8/90 2.97 6/3/91 3.40 7/14/91 3.38 
6/15/90 3.14 6/8/91 3.62 7/21/91 3.70 
6/22/90 3.17 6/17/91 3.77 7/29/91 dry 
6/29/90 3.39 6/21/91 dry 
7/22/90 dry 6/28/91 II 3/1/92 3.24 
7/1/91 3.19 3/8/92 3.07 
5/11/91 3.13 7/9/91 3.26 
Staff Gage No. 2 Elevation at Top of Gage: 1133.26 
values are in feet below top of gage 
Date Water Date Water Date Water 
Level Level Level 
6/15/90 3.03 6/3/91 3.12 7/14/91 3.12 
6/22/90 3.00 6/8/91 3.25 7/21/91 3.21 
6/29/90 3.04 6/17/91 3.25 7/29/91 dry 
7/22/90 dry 6/21/91 3.29 
6/28/91 dry 3/1/92 2.80 
4/21/91 3.48 7/1/91 3.09 3/8/92 2.87 
5/11/91 3.19 7/9/91 3.12 
--------------------~---~---"----""~~-.·~-~-
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APPENDIX VII 
WATER LEVEL DATA 
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Well Number: 1 A 
values are in feet below the to > of the well casinQ 
Date Water Date Water Date Water 
Level Level Level 
6/15/90 1.08 4/21/91 2.52 9/1/91 3.33 
6/22/90 1.16 5/11/91 1.43 9/15/91 3.11 
6/29/90 1.31 6/3/91 1.60 9/29/91 2.14 
7/22/90 2.42 6/8/91 1.86 10/20/91 2.28 
7/29/90 3.08 6/17/91 2.00 
8/8/90 3.70 6/21/91 1.95 1/28/92 frozen 
8/14/90 3.82 7/1/91 1.04 3/1/92 H 
8/20/90 3.80 7/9/91 1.37 3/8/92 • 
9/3/90 4.13 7/14/91 1.47 
9/23/90 3.64 7/21/91 1.68 
10/12/90 3.61 7/29/91 2.32 
8/4/91 2.04 
3/16/91 3.72 8/12/91 2.53 
4/7/91 2.86 8/18/91 2.56 
Well Number: 1 B 
values are in feet below the to, of the well casinQ 
Date Water Date Water Date Water 
Level Level Level 
9/30/90 7.60 6/17/91 1.32 9/1/91 0.97 
9/23/90 4.12 6/21/91 1.30 9/15/91 0.93 
10/12/90 3.50 7/1/91 1.10 9/29/91 0.72 
7/9/91 0.98 10/20/91 0.82 
3/16/91 frozen 7/14/91 0.94 
4/7/91 3.72 7/21/91 0.86 1/28/92 frozen 
4/21/91 2.46 7/29/91 0.86 3/1/92 II 
5/11/91 1.88 8/4/91 0.87 3/8/92 • 
6/3/91 1.46 8/12/91 0.85 
6/8/91 1.46 8/18/91 0.88 
100 
Well Number: 2A 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/8/90 6.60 3/16/91 11.34 7/27/91 5.86 
6/15/90 6.43 4/7/91 9.85 8/4/91 6.25 
6/22/90 6.23 4/21/91 8.92 8/12/91 6.22 
6/29/90 6.63 5/11/91 5.83 9/15/91 7.54 
7/22/90 7.36 6/3/91 6.01 9/29/91 6.18 
7/29/90 7.71 6/8/91 6.31 10/20/91 6.57 
8/8/90 8.17 6/17/91 6.54 
8/14/90 8.46 6/21/91 6.72 1/28/92 6.71 
8/20/90 8.74 6/28/91 6.98 3/1/92 6.45 
9/3/90 9.26 7/1/91 6.16 3/8/92 5.47 
9/23/90 9.82 7/9/91 4.86 
10/12/90 10.08 7/14/91 5.00 
7/21/91 5.51 
Well Number: 2B 
values are in feet below the to:> of the well casints 
Date Water Date Water Date Water 
Level Level Level 
6/8/90 5.95 3/6/91 dry 7/27/91 5.66 
6/15/90 6.18 4/7/91 • 8/4/91 5.98 
6/22/90 5.99 4/21/91 8.67 8/12/91 6.04 
6/29/90 6.40 5/11/91 5.54 9/15/91 7.33 
7/22/90 7.15 6/3/91 5.79 9/29/91 5.96 
7/29/90 7.50 6/8/91 6.09 10/20/91 6.33 
8/8/90 7.97 6/17/91 6.28 
8/14/90 8.26 6/21/91 6.50 1/28/92 6.48 
8/20/90 8.54 6/28/91 6.74 3/1/92 6.13 
9/3/90 9.09 7/1/91 4.99 3/8/92 5.12 
9/23/90 dry 7/9/91 4.68 
10/12/90 • 7/14/91 4.81 
7/21/91 5.24 
............. _'----------'-------...=..---'---~""'----
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Well Number: 3A 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/15/90 6.28 4/7/91 8.35 8/4/91 7.15 
6/22/90 6.27 4/21/91 8.09 8/12/91 7.33 
6/29/90 6.34 5/11/91 7.12 8/18/91 7.45 
7/22/90 6.98 6/3/91 6.99 9/1/91 7.71 
7/29/90 7.21 6/8/91 7.11 9/15/91 7.83 
8/8/90 7.45 6/17/91 7.14 9/29/91 7.39 
8/14/90 7.57 6/21/91 7.21 10/30/91 7.34 
8/20/90 7.71 6/28/91 7.41 
9/3/90 7.95 7/1/91 6.49 1/28/92 7.51 
9/23/90 8.18 7/9/91 6.59 3/1/92 7.50 
10/12/90 8.28 7/14/91 6.61 3/8/92 6.59 
7/21/91 6.83 
3/16/91 8.68 7/27/91 7.08 
Well Number: 3C 
values are in feet below the top of the well casino 
Date Water Date Water Date Water 
Level Level Level 
9/23/90 16.46 6/21/91 6.54 9/1/91 6.90 
10/12/90 14.21 6/28/91 6.66 9/15/91 7.11 
7/1/91 6.39 9/29/91 6.91 
3/16/91 frozen 7/9/91 6.22 10/20/91 6.90 
4/7/91 8.04 7/14/91 6.17 
4/21/91 7.82 7/21/91 6.25 1/28/92 frozen 
5/11/91 7.01 7/27/91 6.31 3/1/92 7.09 
6/3/91 6.53 8/4/91 6.42 3/8/92 frozen 
6/8/91 6.96 8/12/91 6.52 
6/17/91 6.52 8/18/91 6.63 
----------------""'"' 
102 
Well Number: 4A 
values are in feet below the to > of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/16/90 5.78 6/3/91 6.12 8/12/91 dry 
6/22/90 5.70 6/8/91 6.38 8/18/91 • 
6/29/90 5.97 6/17/91 6.56 9/1/91 • 
7/22/90 6.82 6/21/91 6.66 9/15/91 • 
7/2!J/90 dry 6/28/91 6.98 9/29/91 • 
8/8/90 " 7/1/91 5.79 10/20/91 II 
7/9/91 5.76 
3/16/91 dry 7/14/91 5.86 1/18/92 dry 
4/7/91 " 7/21/91 6.29 3/1/92 • 
4/21/91 II 7/29/91 6.66 3/8/92 6.54 
5/11/91 6.08 8/4/91 6.86 
Well Number: 48 
values are in feet below the too of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/21/91 7.70 7/29/91 6.88 9/29/91 8.16 
6/28/91 7.82 8/4/91 rusted 10/20/91 8.17 
7/1/91 6.75 8/12/91 8.10 
7/9/91 6.48 8/18/91 8.27 1/28/92 8.14 
7/14/91 6.50 9/1/91 8.70 3/1/92 8.00 
7/21/91 6.62 9/15/91 8.78 3/8/92 7.43 
...... --"'--'-----"""---------~--~~~--
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Well Number: SB 
values are in feet below the too of the well casina 
Date Water Date Water Date Water 
Level Level Level 
8/8/90 6.75 6/17/91 6.40 9/29/91 6.77 
8/14/90 6.89 6/21/91 6.48 10/20/91 6.80 
8/20/90 7.02 7/1/91 6.60 
9/3/90 7.35 7/9/91 6.08 1/28/92 6.94 
9/23/90 7.73 7/14/91 5.97 3/1/92 7.12 
10/12/90 7.91 7/21/91 6.04 3/8/92 6.96 
7/29/91 6.24 
3/16/91 frozen 8/4/91 6.44 
4/7/91 7.88 8/12/91 6.52 
4/21/91 7.72 8/18/91 6.66 
5/11/91 6.94 9/1/91 6.98 
6/3/91 6.20 9/15/91 7.25 
Well Number: SC 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
9/5/90 7.78 6/17/91 6.39 8/18/91 6.68 
9/23/90 7.86 6/21 /91 6.48 9/1/91 6.98 
10/12/90 7.92 7/1/91 6.11 9/15/91 7.23 
7/9/91 5.73 9/29/91 6.64 
3/16/91 frozen 7/14/91 5.75 10/20/91 6.75 
4/7/91 7.80 7/21/91 6.08 
4/21/91 7.56 7/29/91 6.29 1/28/92 frozen 
5/11 /91 6.44 8/4/91 6.47 3/1/92 6.97 
6/3/91 6.10 8/12/91 6.52 3/8/92 6.77 
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Well Number: 6A 
values are in feet below the to l of the well casino 
Date Water Date Water Date Water 
level Level Level 
9/3/90 5.92 6/21/91 2.94 9/1/91 4.96 
10/12/90 5.00 6/28/91 3.62 9/15/91 4.48 
7/1/91 2.38 9/19/91 3.12 
3/16/91 4.96 7/9/91 2.47 10/20/91 3.37 
4/7/91 3.55 7/14/91 2.54 
4/21/91 3.16 7/21/91 2.80 1/28/92 frozen 
5/11 /91 2.39 7/29/91 3.49 3/1/92 " 
6/3/91 2.55 8/4/91 3.30 3/8/92 • 
6/8/91 2.74 8/12/91 3.79 
6/17/91 2.89 8/18/91 3.93 
Well Number: 6B 
values are in feet below the top of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/21/91 3.72 7/29/91 4.03 9/29/91 3.69 
6/28/91 3.75 8/4/91 3.86 10/20/91 3.97 
7/1/91 2.94 8/12/91 4.35 
7/9/91 2.92 8/18/91 4.50 1/28/92 4.73 
7/14/92 3.04 9/1/91 5.51 3/1/92 4.08 
7/21/92 3.30 9/15/91 5.06 3/8/92 3.46 
Well Number: 9 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
4/21/91 13.21 7/9/91 8.50 9/15/91 10.41 
5/11/91 9.70 7/14/91 8.49 9/29/91 9.66 
6/3/91 9.42 7/21/91 8.73 10/20/91 10.04 
6/8/91 9.58 7/27/91 8.91 
6/17/91 9.88 8/4/91 9.23 1/28/92 9.02 
6/21/91 9.99 8/12/91 9.29 3/1/92 9.44 
6/28/91 10.17 8/18/91 9.51 3/8/92 9.22 
7/1/91 9.74 9/1/91 9.98 
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Well Number: 10A 
values are in feet below the to , of the well casino 
Date Water ~ Date Water Date Water 
Level Level Level 
5/11/91 2.74 7/14/91 2.85 9/29/91 3.69 
6/3/91 3.11 7/21/91 3.02 10/20/91 3.63 
6/8/91 3.45 7/27/91 3.73 
6/17/91 3.44 8/4/91 3.39 1/28/92 4.30 
6/21/91 3.38 8/12/91 3.90 3/1/92 3.91 
6/28/91 3.88 8/18/91 3.93 3/8/92 3.52 
7/1/91 1.74 9/1/91 4.37 
7/9/91 2.49 9/15/91 4.33 
Well Number: 1 OB 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/17/91 ·2.99 7/27/91 1.77 10/20/91 3.44 
6/21/91 2.92 8/4/91 1.92 
6/28/91 3.04 8/12/91 2.02 1/28/92 3.66 
7/1/91 1.44 8/18/91 3.75 3/1/92 3.10 
7/9/91 1.41 9/1 /91 4.17 3/8/92 2.68 
7/14/91 1.48 9/15/91 4.12 
7/21/91 1.66 9/29/91 3.50 
Well Number: 11A 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/3/91 1.97 7/14/91 1.93 9/15/91 3.89 
6/8/91 2.14 7/21/91 2.09 9/29/91 2.41 
6/17/91 2.28 7/29/91 2.52 10/20/91 2.62 
6/21/91 2.24 8/4/91 2.38 
6/28/91 2.72 8/12/91 2.84 1/28/92 frozen 
7/1/91 1.87 8/18/91 3.02 3/1/92 • 
7/9/91 1.93 9/1/91 4.26 3/8/92 • 
.Ill-~---- .. 
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Well Number: 11 B 
values are in feet below the to ot the well casino 
Date Water . Date Water Date Water 
Level Level Level 
6/17/91 6.38 7/29/91 3.10 10/20/91 2.50 
6/21/91 5.91 8/4/91 15.12 
6/28/91 5.26 8/12/91 11.40 1/28/92 frozen 
7/1/91 4.96 8/18/91 1.84 3/1/92 • 
7/9/91 4.20 9/1/91 3.96 3/8/92 • 
7/14/91 3.81 9/15/91 3.71 
7/21/91 3.38 9/29/91 2.34 
Well Number: 12 
values are in feet below the to 1> of the well casina 
Date Water Date Water Date Water 
Level Level Level 
6/3/91 8.23 7/14/91 7.79 9/15/91 9.24 
6/8/91 8.35 7/21/91 7.98 9/29/91 8.48 
6/17/91 8.26 7/29/91 8.36 10/20/91 8.16 
6/21/91 8.35 8/4/91 8.30 
6/28/91 8.64 8/12/91 8.51 1/28/92 8.44 
7/1/91 7.89 8/18/91 8.67 3/1/92 8.68 
7/9/91 7.84 9/1/91 9.04 3/8/92 8.39 
Well Number: 14 
values are in feet below the to1> of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/3/91 7.83 7/14/91 7.45 9/15/91 dry 
6/8/91 8.18 7/21/91 8.02 9/29/91 • 
6/17/91 8.44 7/27/91 8.42 10/20/91 • 
6/21/91 dry 8/4/91 dry 
6/28/91 • 8/12/91 • 1/28/92 dry 
7/1/91 6.86 8/18/91 • 3/1/92 7.72 
7/9/91 7.18 9/1/91 • 3/8/92 7.65 
.Ii-· -------~ 
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Well Number: 15A 
values are in feet below the to) of the well casino 
Date Water Date Water Date Water 
· Level Level Level 
6/8/91 6.93 7/29/91 6.98 9/29/91 7.14 
6/17/91 6.99 8/4/91 6.99 10/20/91 7.16 
7/1/91 6.33 8/12/91 7.14 
7/9/91 6.39 8/18/91 7.28 1/28/92 7.38 
7/14/91 6.42 9/1/91 7.57 3/1/92 7.40 
7/21/91 6.64 9/15/91 7.71 3/8/92 7.08 
Well Number: 158 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
7/1/91 6.37 8/12/91 6.78 
7/9/91 6.20 8/18/91 7.20 1/28/92 7.30 
7/14/91 "6.11 9/1/91 7.52 3/1/92 7.31 
7/21/91 6.20 9/15/91 7.64 3/8/92 7.00 
7/29/91 6.64 9/29/91 7.06 
8/4/91 6.74 10/20/91 7.10 
Well Number: 16A 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/8/91 7.12 7/29/91 7.35 10/20/91 7.79 
6/17/91 7.26 8/4/91 7.46 
7/1/91 6.78 8/12/91 7.64 1/28/92 8.12 
7/9/91 6.44 9/1/91 dry 3/1/92 8.12 
7/14/91 6.56 9/15/91 • 3/8/92 7.86 
7/21/91 6.93 9/29/91 7.69 
-
___ __.._ __________ --~--
, 
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Well Number: 16B 
values are. in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
7/1/91 6.72 8/12/91 6.65 
7/9/91 5.98 8/18/91 7.63 1/28/92 7.86 
7/14/91 6.02 9/1/91 8.06 3/1/92 7.83 
7/21/91 6.17 9/15/91 8.28 3/8/92 7.56 
7/29/91 6.34 9/29/91 7.49 
8/4/91 6.48 10/20/91 7.61 
Well Number: 17 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
6/8/91 12.37 7/21/91 12.34 9/29/91 12.64 
6/17/91 12.71 7/27/91 12.77 10/20/91 12.64 
6/21/91 12.68 8/4/91 12.92 
6/28/91 13.12 8/12/91 13.22 1/28/92 12.65 
7/1/91 12.63 8/18/91 13.29 3/1/92 12.60 
7/9/91 11.60 9/1 /91 13.82 3/8/92 12.18 
7/14/91 11.71 9/15/91 13.60 
Well Number: 18 
values are in feet below the to of the well casino 
Date Water Date Water Date Water 
Level Level Level 
3/1/92 10.70 
3/8/92 10.62 
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Cores collected from sites 1, 6, 10, and 11 were used to determine the 
hydraulic conductivity by means of a falling head permeameter. A falling head 
permeameter is used when permeabilities are low and only a small volume of 
water moves through the sample in a given time. A falling head tube is 
attached to the input side of the sample chamber, while a constant head is 
maintained at the output side of the sample chamber. The hydraulic 
conductivity is found by the expression: 
where 
K = (dt2L / dc2t) In (h0 / h) (Fetter, 1988) 
h0 = initial water level in the falling head tube above the 
outlet tube, t = O 
t = time since test began 
h = water level in the falling head tube above the outlet 
tube at time t 
dt = inside diameter of falling head tube 
L = length of sample 
de = diameter of sample 
I constructed the falling head permeameter to accommodate an aluminum 
sample sleeve from. a 2-inch diameter auger as the chamber of the permeameter 
(fig. 21 ). This permitted hydraulic conductivity determinations on partially 
disturbed samples. Acrylic end caps were machined to seal around the ends 
of the sample sleeves. Screens and packing in the end caps retain the sample, 
and fittings allow connection to the falling head input and constant head output 
tubes. 
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ha = initial water level in the falling head tube above the outlet tube 
at time= o 
h = water level in the falling head tube above the outlet tube 
at time = t 
dt = inside diameter of falling head tube 
L = length of sample 
de = diameter of sample 
Figure 21 - Schematic diagram of falling head permeometer. 
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Values for ho and h were corrected for the capillary rise in the tubes by 
subtracting the amount of capillary rise from the measured value. The following 
table provides the amount of capillary rise resulting from the various diameters 
of tubes used as the falling and constant head tubes (Serway and Faughn, 
1989). 
Table 2.- Capillary rise in tubes 
Tube Diameter Capillary Rise 
Imm) Imm) 
1.8 8.3 
2.4 6.2 
3.4 4.4 
10.0 1.5 
The following are values of h and h0 recorded for the samples and the 
calculated values for hydraulic conductivity. 
Site 1 
Deoth: 4.7-5.45 ft 
Fallinc Head Tube Diameter: 1.0 cm 
Constant Head Tube Diameter: 0.34 cm 
Samole Diameter: 4.7 cm 
Samole Lenath: 18.5 cm 
Tme Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes) 1cm) /cm) (cm) (cm) /cm/min) 
0.00 99.10 20.30 98.95 19.86 
50.00 26.70 20.30 26.55 19.86 4-1 4x 10-2 
115.00 20.50 20.30 20.35 19.86 3.70 X 10-2-
T' 
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Site 6 
Deoth: 2.22-3.03 ft 
Fallina Head Tube Diameter: 0.24 cm 
Constant Head Tube Diameter: 0.34 cm 
Samele Diameter: 4. 7 cm 
Samele Lenath: 20.3 cm 
Tme Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes) (cm) lcml /cml (cm) /cm/min) 
0.00 85.30 18.40 84.68 17.96 
60.00 77.20 18,".'0 76.58 17.96 1.98 X 10-3 
120,00 70.40 18.40 69.78 17.96 1.94 X 10-3 
Site 6 
Deoth: 4.82-5.57 ft 
Falling Head Tube Diameter: 1.0 cm 
Constant Head. Tube Diameter: 0.34 cm 
Samole Diameter: 4.7 cm 
Samole Lenath: 19.0 cm 
Tme Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes I lcml lcml (cm\ /cm\ {cm/mini 
0.00 91.00 18.20 90.85 17.76 
20.00 89.40 18.20 89.25 17.76 9.52 X 10-4 
40.00 88.40 18.20 88.25 17.76 7.79 X 10-4 
60.00 87.70 18.20 87.55 17.76 6.62 X 10-4 
2700.00 51.60 18.20 51.45 17.76 2.47 X 10-4 
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Site 10 
Deoth: 4.38-5.13 ft 
Fallina Head Tube Diameter: 1.0 cm 
Constant Head Tube Diameter: 0.34 cm 
Samole Diameter:4.7 cm 
Samole Lenath: 20.0 cm 
Tme Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes I (cml (cm) (cml (cm) (cm/mini 
0.00 94.60 21.30 93.60 20.86 
10.00 30:80 21.30 29.80 20.86 1.90 X 10"1 
20.00 23.00 21.30 22.00 20.86 1.88 X 10·1 
25.00 20.30 21.30 20.80 20.86 
30.00 21.15 21.30 20.15 20.86 
Site 11 
Deoth: 1.35-2.1 ft 
Fallina Head Tube Diameter: 0.24 cm 
Constant Head Tube Diameter: 0.34 cm 
Samole Diameter: 4.7 cm 
Samole Lenath: 23.0 cm 
Tine Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes) (cm) (cm) (cm) (cm) (cm/min) 
0.00 99.80 19.40 99.18 18.96 
256.00 64.10 19.40 63.48 18.96 1.38 X 1Q·4 
1333.00 26.10 19.40 25.48 18.96 1.13x10-4 
Site 11 
Deoth: 2. 74-3.49 ft 
Fallina Head Tube Diameter: 1.0 cm 
Constant Head Tube Diameter: 0.34 cm 
Samole Diameter: 4.7 cm 
Samole Lenath: 19.0 cm 
Tme Falling Head Constant Corrected Corrected Hydraulic 
Head Falling Head Constant Conductivity 
Head 
(minutes\ Jcml (cm) (cm) (cm) (cm/min) 
0.00 88;90 20.90 88.75 20.46 
50.00 22.90 20.90 22.75 20.46 5.84 X 10·2 
70.00 21.30 20.90 21.15 20.46 5.65 X 10"2 
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The following are the geometric mean of the determined hydraulic conductivity 
values. The geometric mean may provide a more representative value of 
hydraulic conductivity within the same geologic unit (Fetter, 1988). 
Table 3.- Geometric mean of hydraulic conductivity values 
Location and Hydraulic 
Depth Interval Conductivity 
geometric mean 
(ft/day) 
1 1.87 
4.7-5.45 ft 
6 9.24 X 10-3 
2.22-3.03 ft 
6 2.80x 10-2 
4.82-5.57 ft 
10 8.90 
4.38-5.13 ft 
11 5.90x 10-3 
1.35-2.1 ft 
11 2.75 
2.74-3.49 ft 
1 
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APPENDIX X 
SPECIFIC YIELD 
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The continuous water level recorders recorded water table rises related to 
rainfalls. The amount of rain was recorded by the rain gages. Specific yield 
was estimated by dividing the rainfall by the corresponding rise of the water 
table: 
Sy = Precipitation (ft) / Water Table Rise (ft) 
Rainfall, corresponding water table changes, and calculated specific yields 
are presented in the following table. 
Table 4.- Water table rises, rainfalls, and calculated specific yields 
Recorder 1 Date Precipitation Water Table Rise Specific Yield (ft) (ft) 
06-15-91 0.06 0.44 0.13 
07-09-91 0.03 0.22 0.13 
07-11-91 0.05 0.22 0.23 
07-20-91 0.05 0.24 0.20 
08-02-91 0.08 0.30 0.27 
08-06-91 0.06 0.21 0.28 
09-15-91 0.24 1.10 0.22 
Averaae 0.21 
Recorder 2 08-16-91 0.03 0.60 0.05 
08-23-91 0.05 0.42 0.13 
Averaae 0.09 
. 
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DAILY EVAPOTRANSPIRATION BY WHITE'S METHOD 
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The following table contains the values of the parameters used in White's 
(1932) method for estimating daily evapotranspiration. Values were obtained 
from the continuous water level records. 
Table 5. - Values from recorder charts and calculated evapotranspiration 
Date Data From Recovery 
Recorder No. Rate (R) ft/ 
hr 
07-02·91 . 
07-03-91 • 
07-04-91 • 
07-05-91 • 
07·06-91 • 
07-07-91 1 0.0000 
07-08-91 1 0.0000 
07·09-91 1 0.0000 
07-10·91 1 0.0000 
07-11-91 1 0.0000 
07-12-91 1 0.0000 
07-13-91 1 0.0000 
07-14-91 1 0.0018 
07-15-91 1 0.0022 
07-16-91 1 0.0018 
07-17-91 1· 0.0033 
07-18-91 1 0.0000 
07-19-91 1 0.0000 
07-20·91 1 0.0000 
07-21-91 1 0.0000 
07-22-91 1 0.0000 
07-23-91 1 0.0000 
07-24-91 1 0.0000 
07-25-91 1 0.0000 
07-26-91 1 0.0000 
07-27-91 1 0.0000 
07-28-91 1 0.0000 
07-29-91 2 0.0060 
07-30-91 2 0.0020 
07-31-91 2 0.0020 
08-01-91 2 0.0030 
08·02·91 2 0.0000 
08-03-91 2 0.0000 
08-04-91 2 0.0000 
08-05-91 2 0,0000 
08-06-91 2 0.0000 
08-07-91 1 0.0000 
08-08-91 1 0.0000 
08·09-91 2 0.0000 
08-10-91 2 0.0000 
08-11-91 2 0.0000 
08·12-91 2 0.0009 
WL Change 
(.iH) ft 
• 
• 
• 
• 
• 
0.16 
0.09 
0.05 
0.06 
•• 
0.12 
0.07 
0.08 
0.08 
0.06 
0.07 
0.00 
0.03 
•• 
0.04 
0.08 
0.07 
0.05 
0.05 
0.05 
. 
0.04 
0.07 
0.23 
0.16 
0.13 
.. 
0.12 
0.26 
0.11 
.. 
0.07 
0.10 
0.29 
0.34 
0.26 
0.23 
• no record 
•• rained 
Specific Yield ET=Sy(R• 
(Sy) 24 +.iH) 
0.19 0.03 
0.19 0.02 
0.19 0.01 
0.19 0.01 
0.19 0.00 
0.19 0.02 
0.19 0.01 
0.19 0.02 
0 .. 19 0.02 
0.19 0.02 
0.19 0.03 
0.19 0.00 
0.19 0.01 
0.19 0.00 
0.19 0.01 
0.19 0.02 
0.19 0.01 
0.19 0.01 
0.19 0.01 
0.19 0.01 
0.19 0.00 
0.19 0.01 
0.09 0.02 
0.09 0.03 
0.09 0.02 
0.09 0.02 
0.09 0.00 
0.09 0.01 
0.09 0.02 
0.09 0.01 
0.09 0.00 
0.19 0.01 
0.19 0.02 
0.09 0.03 
0.09 0.03 
0.09 0.02 
0.09 0.02 
SUM 0.54 
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The following regression was performed on evaporation pan data. Sums of 
daily evapotranspiration were estimated from water level records that 
correspond to the periods of pan record. 
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FIGURE 22.- Regression of recorder evapotranspiration with pan 
evaporation 
Table 6. - Pan evaporation and corresponding recorder evapotranspiration 
Date Pan Evaporation (ft) Recorder 
Evaootransoiration (ft) 
7-9-91 1.9 X 10-2 6.27 X 10·2 
7-14-91 3 X 10·2 7.28 X 10·2 
7-21-91 6.7 X 10-2 8.76 X 10·2 
The regression was used to estimate the sum of daily evapotranspiration for the 
period July 1 through 6 for which there was evaporation pan data, but no 
recorder data: 
0.055 + 0.49 • (0.024 ft pan evaporation) = 0.067 ft estimated ET 
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The following table contains the measured and estimated values for the budget 
components. Divisions correspond to measurement intervals for water levels. 
Precipitation was recorded soon after rainfalls to prevent loss by evaporation. 
Date 
07-02-91 
07-03-91 
07-04-91 
07-05-91 
07-06-91 
07-07-91 
07-08-91 
07-09-91 
07-10-91 
07-11-91 
07-12-91 
07-13-91 
07-14-91 
07-15-91 
07-16-91 
07-17-91 
07-18-91 
07-19-91 
07-20-91 
07-21-91 
07-22-91 
07-23-91 
07-24-91 
07-25-91 
07-26-91 
07-27-91 
07-28-91 
07-29-91 
07-30-91 
07-31-91 
08-01-91 
08-02-91 
08-03-91 
08-04-91 
08-05-91 
08-06-91 
08-07-91 
08-08-91 
08-09-91 
08-10-91 
08-11-91 
08-12-91 
Totals 
Table 7. - Water budget components 
Evaporation 
Pan /ft) 
0.02 
0.02 
0.03 
0.07 
0.04 
ET (ft) 
.067* 
0.03 
0.02 
0.01 
0.01 
0.00 
0.02 
0.01 
0.02 
0.02 
0.02 
0.03 
0.00 
0.01 
0.00 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.02 
0.03 
0.02 
0.02 
0.00 
0.01 
0.02 
0.01 
0.00 
0.01 
0.02 
0.03 
0:03 
0.02 
0.02 
0.61 
* estimated 
for July2-6 
Precipitation Pond Aquifer 
(ft) Storaqe (ft) Storaqe (ft) 
0.05 
0.03 0.02 +0.0061 
0.05 0.03 0.00 
0.05 0.06 0.01 
0.01 0.04 0.00 
0.08 0.00 0.06 
0.06 0.00 0.04 
0.33 0.15 0.11 
+ increase 
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